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Automatically align 
your Celestron 
telescope with our 
StarSense Accessory! 
The revolutionary technology in 
the award-winning SkyProdigy 
telescope is now available for 
almost every Celestron 
computerised telescope. 


Align and control your 
Celestron telescope 
wirelessly using your 
iPhone or iPad! 
Celestron’s innovative new SkyQ Link WiFi Module turns 


your iPhone or iPad into your own personal planetarium 
and observatory! 
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40 Eileen Collins, the first female 
Space Shuttle commander . 
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Shadow planet 


Saturn-orbiting spacecraft Cassini rarely has an 
opportunity to take a photo like this: with the 

Sun behind the gas giant, Cassini's camera's 

are shielded from direct sunlight. Facilitated by 
amenable viewing geometry, scientists were able to 
more easily study the features of Saturn's rings and 
atmosphere on its surface. Two of Saturn's moons 
also appear in this enhanced-colour photo: from 
near the bottom left corner, Tethys can be seen as a 
brighter spot and then Enceladus, closer to Saturn. 
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Heavy lifter 


Resupplying the International Space Station (ISS) 

in June 2013, this is Ariane 5 VA213 carrying its 

heaviest load yet. ESA's fourth automated transfer 

vehicle, ATV Albert Einstein, weighs a whopping 

20,190kg (44,500Ib), a clear 150kg (330Ib) . 
heavier than the last ATV it took into space, : 
Edoardo Amaldi. Included in its payload was food, 





clothing, water and air for the space station, plus r 

enough leftover propellant to boost the ISS into | 

a higher orbit, which drops over time due to drag ‘ : 
. 


with the Earth's thin upper atmosphere. 











Desert watcher | PO ENG sat ear eee 


This view of the European Southern Observatory complex in the Atacama Desert, _ 5 EE a Bat eee ee hase ae ae es 
Chile, shows all its observatories in one sweeping, composite image. The E a irk ee: oe | ; oe, 
founded in 1962 and has since built some of th | 
telescopes and instruments in th 
supermassive black holes ani 


Garching, Germany, « 








“Fr 


Falling 
into Titan 


This is a distorted, fish-eye 
projection of Titan, five 
kilometres (3.1 miles) above 

ee Ul meee Moma] Cole Oyama ale) 
European Space Agency probe 
Huygens, on its famous descent 
to Saturn's largest natural 
satellite on 14 January 2005. 
The photo itself was taken by 
Huygens’ DISR (Descent Imager/ 
Spectral Radiometer). The probe 
was launched by NASA's Cassini 
spacecraft and lasted only a few 
hours from its descent through 
Titan's atmosphere to landing, 
where it sent never-before-seen 
images of the surface. It's still 
the most distant soft landing 
ever made and the only man- 
made soft landing in the outer 
Solar System. 
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Around 1,350 light years from Earth is one of the most 
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- spectacularly dark skies. This is where the European Southern » 
Observatory’s VISTA telescope comes in, seeking out the 6S 
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“An absolute giant - the 
largest protostellar core ever 


spotted in the Milky Way” — 


“The ALMA observations reveal the 


Scientists spot a monster of a star 


erowing in our galaxy 


Scientists working with data from 

the Atacama Large Millimeter/ 
submillimeter Array (ALMA) have 
come across the most massive stellar 
embryo ever discovered in the Milky 
Way. It’s a real monster of a baby 

Star, growing in a cosmic womb 500 
times the mass of our own Sun. 

The unbelievable part is that it's still 
growing, sucking up material in its 
environment with its powerful gravity 
and adding to a blooming protostellar 
core that may eventually form several 
newborn stars. 

This core is found 11,000 light years 
away in a region of space known as 
the Spitzer Dark Cloud or SDC. It’s 
shrouded by dense dust and gas, so 
has been difficult to observe with 
much accuracy until a Cardiff-based 
team led by French scientist Nicolas 
Peretto recently studied it. 

“The remarkable observations from 
ALMA allowed us to get the first really 
in-depth look at what was going on 
within this cloud,” said Peretto. “We 
wanted to see how monster stars form 
and grow. One of the sources we have 
found is an absolute giant - the largest 
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protostellar core ever spotted in the 
Milky Way. Even though we already 
believed that the region was a good 
candidate for being a massive star- 
forming cloud, we were not expecting 
to find such a massive embryonic star 
at its centre.’ 

By analysing the data from the 
European Southern Observatory’s 
Chilean telescope, the team were able 
the estimate that the SDC protostar 
should go on to form a particularly 
brilliant star of around 100 solar 
masses, of which there are only 
around 10 to 40 million in the galaxy. 
That might sound like a lot, but that's 
only one that reaches this kind of 
mass for every 10,000 stars in the 
Milky Way. 

Stars of this mass are all formed in 
similarly cool and dark clouds to the 
SDC, but there are two main, current 
theories as to how they are born: one 
is that the cloud fragments to form 
several cores that eventually create 
smaller stars. The other is that the 
entire cloud collapses as a single entity 
towards the centre, forming one or two 
stars with gigantic masses. 


spectacular details of the motions of 
the filamentary network of dust and 
gas and show that a huge amount of 
gas is flowing into a central compact 
region,” said Ana Duarte Cabral from 
the Laboratoire d'Astrophysique de 
Bordeaux, in France. 

These observations provide strong 
support for the more dramatic, cloud- 
collapse theory and were made using 
only a quarter of ALMA'’s full array of 
antennae, which bodes well for future 
research into star formation. @ 


Once the cloud collapses, it 
should form a massive baby 
star with 100 solar masses 


_« Mf 
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The gigantic baby star cloud can be 
found in the Spitzer Dark Cloud, in the 
constellation of Norma 


The embryonic star cloud has 
eye] Sur te 500 solar masses 
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At around 18 billion kilometres (11 
billion miles) from Earth, Voyager 1 is 
the furthest man-made object from 
Earth and has been for some time. 
It's also set to become the first man- 
made object to leave the Solar System, 
as it enters a region at the outer 
boundary known as the magnetic 
highway, a smooth lane along which 
charged particles can travel, which 
Scientists are only now able to 
investigate properly. 

“This strange, last region before 
interstellar space is coming into focus, 
thanks to Voyager 1," said Voyager 
project scientist Ed Stone. “If you 
looked at the cosmic ray and energetic 
particle data in isolation, you might 


think Voyager had reached interstellar 
space, but the team feels Voyager 1 has 
not yet gotten there because we are 
still within the domain of the Sun's 
magnetic field.” 

Within the magnetic highway, 
Scientists are able to observe the 
highest rate of charged particles from 
outside the heliosphere, which marks 
the boundary of the Solar System, and 
the disappearance of charged particles 
from within the heliosphere. 

It's not certain how much further 
Voyager 1 still needs to travel before it 
leaves the Solar System and reaches 
interstellar space, but it could take 
anything from a few months up to a 
few years. @ 


“This strange, last region before 
interstellar space is coming 
into focus, thanks to Voyager 1 
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Issue two of All About History, 
available from imagineshop.co.uk 


All About 
History on 
sale now 


Space and history are inextricably 
linked: did you know, for 
example, that Halley's Comet 
appeared in 1066, shortly before 
the Battle of Hastings? It was 
interpreted by the people of 
England at the time as an omen 
of the English King Harold's 
demise. The story has it that 

he then died after taking an 
arrow in the eye at the Battle of 
Hastings and Halley's Comet was 
immortalised by its inclusion in 
the famous Bayeux Tapestry. 

History can learn from space 
and vice versa, which is why 
the all-new All About History 
magazine from the makers 
of All About Space and How 
It Works, makes the perfect 
complementary read to people 
interested in space. 

All About History is packed 
with stunning illustrations, facts 
and insight into the past, with 
expert knowledge and eyewitness 
accounts of the most famous 
events in recent history. Get the 
expert opinion on Hitler's tactical 
prowess, discover the real story 
of Antony, Cleopatra and the end 
of ancient Egypt, find out how 
John Wilkes Booth assassinated 
Lincoln and get an eyewitness 
account of the end of the 
Vietnam Wat. 

All About History issue two is 
available now for just £3.99 [rom 
imapineshop.co.uk ard all good 

newsagents. Subscribe today 
and get your firs! three 
issues for just £1 @ 
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GROVER 
robot passes 
Greenland test 


NASA's polar science rover 
GROVER has passed its 
communication test. Built with 
ground-penetrating radar to 
analyse snow and ice sheet gains 
and losses, the robot successfully 
executed commands sent from an 
Iridium satellite. 


Radio bursts 
detected 
libn ly away 


Astronomers using Australia’s 
Parkes telescope have observed 
radio bursts from distant galaxies 
up to 11] billion light years away. It's 
thought they originate from a new 
class of phenomenon, although the 
exact cause is unknown. 


British Science 
Festival 2013 


Celebrating everything science, 
the British Science Festival takes 
place in Newcastle this year. 
Featuring workshops, science 
Shows, exhibitions and more, this 
year's speakers include Robert 
Winston and lain Stewart. Visit 
britishscienceassociation.org. 


Curiosit 
makes its way 
to Mount Sharp 


Having finished exploring Gale 
Crater, NASA‘s Martian rover 
Curiosity has begun its year-long 
journey to the top of the 5.5km 
(3.4mi) high Mount Sharp. 
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Super-Earths found 
orbiting distant star 


Not one, but three planets found in 
Gliese 667C's habitable zone 


Scientists using data from the ESO's 


HARPS (High Accuracy Radial velocity 


Planet Searcher) have discovered not 
one, but three super-Earths orbiting 
in the stellar habitable zone of Gliese 
667C. It’s a record-breaker as far as 
finding planets where liquid water 
might exist is concerned, and it 
means that this habitable zone is as 
populated with planets as it can get. 
“We knew that the star had three 
planets from previous studies, so we 


wanted to see whether there were any 


Comet 
ISON 







incoming 


Spectacular comet 


Snapped at high- 


speed approach of 


the Sun 


NASA has snapped this winter's 
main event as it hurtles at 77000 


kilometres per hour (48,000 miles per 


hour) towards the Sun. Comet ISON, 


named after the Russian International 


Scientific Optical Network that 
discovered it, was captured in a time- 
lapse sequence of images by the 
Hubble Space Telescope, between 
the orbits of Mars and Jupiter at 
around 648 million kilometres (403 
million miles) from the Earth. In the 
43-minute video (compressed into 
five seconds), ISON travels 54,717 
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more,” said Mikko Tuomi, one of the 
astronomers from the University of 
Hertfordshire. “By adding some new 
observations and revisiting existing 
data we were able to confirm these 


three and reveal several more. Finding 


three low-mass planets in the star's 
habitable zone is very exciting!” 


Gliese 667C itself is relatively close 


to the Solar System at 22 light years 


away. This makes it easier to observe 


and the team has already confirmed 
at least six planets around the star 


kilometres (34,000 miles), around 
seven per cent of the distance 
between the Earth and the Moon. 
As Comet ISON approaches the 
Sun, its tail, which is created by the 
pressure of the solar wind sweeping 
icy material behind it, will increase 
in length as more matter evaporates 
into gas. By November, it is expected 


with a possible seventh, making this 
system a reasonably close analogue 
to the Solar System. Gliese 667C is 
part of a triple-star system with the 


three super-Earths orbiting one of the 


fainter stars and the other two stars 
providing as much light during the 
night as a full Moon on Earth. 


Super-Earths are simply defined as 


planets orbiting in a star's habitable 
zone that are more massive than 

Earth and less massive than planets 
like Neptune or Uranus. @ 


Comet ISON makes its 

approach of the Sun at 648 
million km (403 million mi) 
from the Earth 


that Comet ISON will be visible to 
the naked eye and it should reach 
its perigee (its closest approach to 
the Earth) on 28 November. If it can 
remain intact at this point, it could 
become extremely bright - possibly 
brighter than the Moon, although 
scientists don't expect it to become 
much brighter than Venus. @ 


Brain Dump: 
try the new 
digital-only 
science mag 


Brain Dump, a first-of-its-kind, 
digital-only science magazine for 
iPad, iPhone and Android devices, is 
now available. This groundbreaking 
product can be subscribed to on 
Apple's Newsstand and Google Play 
from just £0.69 ($0.99). 

Built on a new digital platform 
designed by world-leading agency 
3 Sided Cube, Brain Dump delivers 
a flurry of fascinating facts every 
issue, reducing tough-to-grasp 
concepts about science, nature and 
lots more into bite-sized, easy-to- 
learn articles. 

“Brain Dump is a milestone 
product for more than one 
reason,” said Aaron Asadi, Head of 
Publishing. “This is a brand-new 
digital publishing initiative that 
will make everyone sit up and 
take notice - from its cutting-edge 
subscription model to the bespoke 
design and shape of the content.” 

Dave Harfield, Editor In Chief, 
added: “It’s a proud moment for 
us. Since How It Works' rise to 
dominance, we've worked tirelessly 
to build on its legacy. Brain Dump is 
very much a result of that passion, 
aiming to be as entertaining as it 
is educational, with breathtaking 
photography and illustrations. The 
editorial, design and bold price 
point make it truly accessible to 
all and sets a new standard for 
knowledge/science magazines on 
tablet and smartphone.” 

The new digital publication is 
the latest addition to Imagine’s 
expanding portfolio and a free 
Sample issue will come pre-installed 
on the app. @ 
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of eyepieces and accessories , 


Clearview Binoculars: Four Square Chapel, Mapplewell. S75 6GG. Tel 01226 383736. 


Callers very welcome, please check website for opening times. 


ee, ‘la cu ie 7 Binocular Outlet. Check our website or visit our stand at these great shows: 
| UTIEeL.co.uk 


The Far-Sighted binocular company is a group of independent specialist optical goods suppliers. For more information please visit www.far-sighted.co.uk. 
Offers are subject to availability and at participating outlets only. Prices and specifications are subject to change without notice. 
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BIGGEST VOLCANO 


Olympus Mons 


Let's start small - relatively - with the 
biggest volcano in the Solar System. 
Olympus Mons can be found in the 
Tharsis Montes region of Mars and 
rises to a peak of 25 kilometres (16 
miles) high and 624 kilometres (374 
miles) wide with an 80-kilometre (50- 
mile) wide caldera. It towers over even 
the tallest mountains on Earth, Everest 
at 8.8 kilometres (5.5 miles) and Mauna 
Kea (which is 10 kilometres/6.2 miles if 
measured from the ocean floor), while 
dwarfing our biggest volcanoes with 
around 100 times more volume than 
Hawaii's Mauna Loa. 

The volcanic Tharsis Montes 
region of Mars is actually home to 
several of the biggest volcanoes in 


@ Everest 
8.8km high 


Olympus 
Mons is huge, 
piece ayaa 
gradual ascent 


Mount Everest 
(8,848m/29,029ft) 
Earth's highest mountain is 
part of the towering Asian 
range, the Himalayas. 


ifs) 


Olympus Mons 


Aconcagua 
(6,960m/22,837ft) 

The highest mountain of the 
Americas is nearly a clear 
kilometre shorter than Everest. 


the Solar System, including Ascraeus 
Mons and Elysium Mons, which 

are 14.9 kilometres (9.3 miles) and 

12.6 kilometres (7.8 miles) high 
respectively. The reason why Mars is a 
great breeding ground for super-sized 
volcanoes is down to its geology and 
its gravity. On Earth, the tectonic plates 
are continuously moving over and 
under each other on top of the mantle, 
so that the lava is distributed over a 
wide area between many volcanoes 
instead of just one. On Mars, the crust 
doesn’t move in the same way, so the 
lava just piles up in the same spot. 
Because of the lower Martian gravity 
and higher rates of eruption, the lava 
flows are much longer, too. 











Mount McKinley 

(6,194m/20,32Oft) 
North America’s McKinley has This African peak is composed The Caucasus range boasts 
the largest base to peak rise of | of three volcanoes, two extinct Russia’s highest mountain - 
any mountain above sea level. and one dormant. 
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Aerial shot of Olympus 
Mons showing the 
gradient from high 


(purple) to low (yellow) 
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Mount Elbrus 
(5,642m/18,510ft) 


Kilimanjaro 
(5,895m/19,34 ft) 


another dormant volcano. 
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BIGGEST PLANET 


WASP-17b 


WASP-17b is a huge planet, twice the main-sequence stars. This includes 
size of Jupiter that orbits a yellow- OGLE-TR-122B, a tiny star with a mass 
white dwarf star similar to the Sun, that borders on the lower limit for 
around 1,000 light years from Earth. hydrogen fusion in stars. This star 
It's considered a ‘hot Jupiter’ due to is just over half the size of the giant 
the extreme proximity of its orbit exoplanet, but 50 times denser. 
with its parent star. It has a density WASP-17b was discovered in 
around half that of Jupiter and has 2009 and though its size made it a 
one of the lowest known densities compelling subject, its orbit was of 
of all the planets. It’s a combination PM eSB Tht ad eae 
of the baking heat it endures as well ae Ve ecole anal Pe 
as the tidal forces of its nearby host right direction but WASP-I7b was 
Star's gravity, which is suspected to eV Umea pea Tp 
have caused WASP-17b to inflate to its of its host star. This retrograde 
enormous size and low density. orbit may have been caused 
WASP-17b has an estimated by a close encounter with 
equatorial radius of just over 136,000 another object that caused 
kilometres (84,500 miles), which the planet to slingshot in 
makes it bigger than some small the opposite direction. 


© WASP-17b 







@ Pallas 
544km wide 
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Pallas 


3 biggest craters in 
the Solar System 


Utopia Planitia (8, 3;00km/2,100mi) 


§ Mars’s blasted topography not only claims 





er the tallest peak, but the widest confirmed 
impact crater in the Solar System. 

Of course, like the biggest mountain, the _ they were once believed to be part of a Considering Mars's proximity to the asteroid 
size of asteroids and the limitation of much larger ‘missing’ planet that was belt, it’s not surprising this crater should be 
current observational technology mean thought to orbit the space between Mars found here. 
that the biggest asteroids we know of and Jupiter before being destroyed. That 
are restricted to those in our own Solar theory has since been debunked and a : 
System. There's also a technicality in it’s now known that Ceres, Pallas and Hellas Planitia (2,300kim/1,400mi) 


their definition: with a diameter of 950 
kilometres (590 miles) and containing 
around one third of the total mass of 
the asteroid belt, Ceres used to be the 
biggest asteroid but was upgraded to 
‘dwarf planet’ in 2006, handing fellow 
asteroid belt object Pallas the accolade 
of biggest known asteroid by default. 
However, with an average diameter 
of 544 kilometres (338 miles) it’s still a 
whopper. Its closest contender for the 
top spot is Vesta, which has less volume 
but greater mass than Pallas. Between 
them, they make up around 16 per cent 
of the total mass of the asteroid belt and 
along with several other big asteroids, 


www.spaceanswers.com 


their companions, along with the rest 
of the asteroid belt are the vestiges of a 
protoplanetary disc that was perturbed 
by the gravity of Jupiter and failed to 
accrete into a planet. 

Pallas would easily fill the Vredefort 
crater in South Africa, the largest 
impact crater on Earth (at around 300 
kilometres/186 miles in diameter), and 
is more than 30 times bigger than the 
meteorite that created the Sudbury 
Basin in Canada over 1.8 billion years 
ago. It's 100 times bigger than asteroid 
1998 QE2 that flew by Earth in March 
2013, which could have caused wide 
devastation if it had impacted. 


Found in the southern hemisphere of Mars, 
this massive impact structure is the largest 
visible crater known in the Solar System. A 
detailed composite image of Hellas Panitia 
was taken by the Viking orbiters during 
their missions in the mid-Seventies. 


Caloris Basin (1,550km/960mi) 
The baking surface of Mercury plays host 
to the third largest known impact crater 
in the Solar System. Caloris Basin is 
surrounded by a ring of mountains 2km 
(1.2mi) tall and material ejected up to 
1,000km (620mi) around it. 
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We're moving into the realms of the 
true giants when we start to look 

at the biggest stars in the universe. 
Unlike planets, asteroids and other 
celestial objects that are too dark and 
too small to give away obvious clues 
to their presence from afar, these 
colossal balls of fusing hydrogen 

can bloom up to spheres so big that 
they're difficult to comprehend, 
blazing multi-spectra radiation across 
interstellar space and making their 
exact location known by the massive 





210 million km 
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BIGGEST STAR 


NY LG yysernh 
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their local environment. 

There are an estimated 100 to 400 
billion stars in the Milky Way alone 
and because many are fairly easy to 
spot, we've been able to observe some 
serious contenders for the ‘biggest 
star’ accolade. VY Canis Majoris is 
huge beyond belief: this monster of a 
Star is so big it would make our Sun 
seem like a pin-prick next to it. Found 
5,000 light years from Earth, it has a 
radius of 1,420 times that of the Sun 


“You can fit a billion Earth- 
sized objects into NML 
Cygni and still have room” 
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@ VV Cephei A 


Size versus mass 101 


It can be easy to get confused when 
scientists talk about the size of 

an object and its mass. Enormous 
celestial objects like stars and black 
holes in particular are said to be 
so-many solar masses, while their 
physical dimensions often aren't 
referred to. While weight is relative, 
mass is a fundamental property of 
everything and is a measure of its 
total matter, which only changes in 
exceptional physical circumstances. 
Large mass doesn't necessarily mean 
enormous size, though, depending on 


vAY 





its density. For example, the biggest 
neutron star discovered (designated 
PSR J1614-2230) is nearly 200 trillion 
times denser than water, with twice 
the mass of the Sun packed into a 
space just 26 kilometres (16 miles) in 
diameter. Especially big, stellar-sized 
objects are described in terms of solar 
masses partly because stellar evolution 
is better understood this way. Sun-like 
stars tend to form red giants and then 
white dwarves at the end of their lives, 
while supergiants in the order of 20 
solar masses form a black hole. 


® VY Canis Majoris 





and was once thought to defy theory 
on the size and luminosity of stellar 
objects. However, since 2009 an 
even bigger star has been discovered. 
With a diameter of around 2.3 billion 
kilometres (1.4 billion miles), 400 
million kilometres (250 million 
miles) wider than VY Canis Majoris, 
NML Cygni is a true intergalactic 
heavyweight. Placed at the centre of 
our Solar System, this stellar giant 
would swallow up the entire inner 
Solar System, including the asteroid 
belt, Jupiter and over half the distance 
between Jupiter and Saturn. You can 
fit a billion Earth-sized objects into 
NML Cygni and still have room left 
over. In terms of mass, too, it’s pretty 
hefty, weighing in at 50 times that 

of the Sun, more than encugh to 
create a huge supemova at the end 
wl ye ee tet nh 





@ NML Cygni 


. "4 


star though, we have to look to the 
Wolf-Rayet star R136al1. It’s found 

in a cluster of massive stars called 
R136, 165,000 light years away from 
Earth in the Large Magellanic Cloud. 
At a ‘mere’ 30 times the size of the 
Sun it’s no NML Cygni, but it has 265 
solar masses and is a million times 
brighter than the Sun: if placed in the 
Solar System it would outshine the 
Sun by as much as the Sun outshines 
the Moon. R136al is thought to have 
been even more massive too, as 
much as 320 solar masses but has 
lost a significant portion of this since 
its birth. But if we're talking about 
galactic-scale masses, it’s the objects 
that are sometimes left behind in the 
death throes of massive stars that 
S]tcr la omsy ele) VA 
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The biggest black hole whose mass has 
60 far been properly measured hes at 
the heart of a galaxy called NGC 1277, 
POR ete Lh 
the constellation of Perseus. - and it's a 
real whopper. While our own galaxy’s 
central black hole has an estimated 
mass of 4.1 million Suns, the black 
hole in NGC 1277 is around 17 billion 
solar masses. 

Astronomers discover and assess 
black holes in distant galaxies by 
measuring the orbits of the stars 
that surround them. Many have now 
been found, with masses equivalent 
to millions or even billions of Suns, 
but they usually follow a fairly strict 
relationship that limits the black hole 
to around 0.1 per cent of the host 
galaxy’s mass - the more massive 
the galaxy, the bigger the black hole. 
In 2012, however, a team led by 
Remco van den Bosch of Germany's 
Max Planck Institute for Astronomy 
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BIGGEST BLACK HOLE 


NGC 1277 


































The black hole at the centre of NGC 
1277 is approximately 17 billion 
times more massive than our Sun 


announced their discovery of 
‘supergiant’ black holes in relatively 
small galaxies. NGC 1277 is the most 
impressive of these: the galaxy itself 
contains a lot less material than our 
Milky Way, with an overall mass of 120 
billion Suns, so its central black hole 
accounts for a staggering 14 per cent of 
all its mass. At this order of magnitude, 
it’s probably about four light days 
across - roughly 11 times the diameter 
of Neptune's orbit around the Sun. 

As yet, astronomers are still 
struggling to come up with a workable 
theory to explain these supergiant 
black holes. However, NGC 1277 may 
not hold its record as the biggest black 
hole of all for long. The much larger 
giant elliptical galaxy NGC 4889 
contains a black hole with a mass of 
between 6 billion and 37 billion solar 
masses, and astronomers will probably 
find a way to lock down its mass with 
more accuracy soon. 
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BIGGEST ICE SPHERE 


Oort cloud 


It's incredible to think that a black hole can be so big that it would take light four 
days to cross from end to end. But far, far out beyond Neptune's orbit is something 
much bigger: the Oort cloud. It's an enormous region of space encapsulating the 
planets that stretches 50,000 AU from the Sun to around 100,000 AU in diameter 
at its outer boundaries: from one side to another it's about two light years long. 

It's made of water, ammonia and methane ice in the form of icy particles and 
trillions of larger bodies. It’s suspected that many of the Solar System’s comets 
were born here and some trans-Neptunian objects (objects that orbit the Sun at a 
greater average distance than Neptune) are Oort cloud members too. It's divided 
into two distinct regions, the inner and outer Oort cloud, containing several trillion 
comets larger than one kilometre (0.62 miles) in diameter. Considering the size of 

the Oort cloud (it would take our current fastest spacecraft launch, 
New Horneens, around lo reach 
its outer edee at 58,5 peer 
heour/36,373 miles per hour), it isn 
VETY Mas ;ON) OT 
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This cluster at the centre of the 





nebula, is home to the most massive — = 


stars in the known universe. 
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2 light years wide 
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@® The Oort cloud 


2 light years wide 





BIGGEST NEBULA * 


Tarantula 


The largest known nebula in the 
universe is many times larger than 
the Oort cloud and far more massive, 
with a star cluster at its core which 
is 450,000 solar masses alone. 

The Tarantula Nebula is right on 

our cosmic doorstep in the Large 
Magellanic Cloud (LMC), which is one 
of several satellite galaxies orbiting 
around the Milky Way itself. With a 
diameter of roughly 800 light years, 
the Tarantula Nebula (which also 
goes by the names 30 Doradus and 
NGC 2070) is a seething cauldron 

of starbirth containing millions of 


Suns’ worth of star-forming material, 
approximately 160,000 light years 
from Earth. It’s so brilliant that, if 
placed in our own galaxy at the 
distance of the famous Orion Nebula, it 
would cover half the sky and be bright 
enough to cast shadows. 

The Tarantula Nebula gets its name 
from the spider-like shape formed by 
its brightest regions, and was mistaken 
for a star by the first astronomers that 
viewed it. It lies on the front edge 
of the irregularly shaped LMC, and 
owes its huge size to compression of 
the galaxy’s gas and dust as it moves 
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Hodge 301 


Hodge 301 is a cluster of stars 
around 20 million years old, some 
150 light years from the centre of 


the Tarantula Nebula. 


through the intergalactic medium 
surrounding our own galaxy. The 
result is an enormous ‘starburst’ 
region in which star formation is 
proceeding at a much faster rate than 
it does in most galaxies. 

Like all star-forming nebulas, the 
Tarantula Nebula owes its brilliance to 
fluorescence. High-energy ultraviolet 
radiation from the hot young stars 
within it energise atoms of hydrogen 
and other gases, and they return to 
their normal state by emitting visible 
light. Darker regions within the 
Tarantula Nebula are created where 
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light-absorbing dust is silhouetted 
against the brighter background: 
Most of the energy that illuminates 
the nebula comes from two major 
star clusters that lie close to its heart, 
known as Hodge 301 and R136. Hodge 
301 is the older of the pair, and has 
drifted some 150 light years from the 
centre in the 20 million years or so 
since it formed. It contains dozens of 
massive stars whose hot, fast-moving 
stellar winds are carving out a hollow 
as it moves through the surrounding 
gas. R136, meanwhile, lies in the very 
densest starbirth region and is just 1 









Honeycomb Nebula 

This region, known as the Honeycomb 
Nebula, played host to the explosion of 
Supernova 1987A. 


NGC 
2060 
A supernova 
remnant 
associated 
with an 
older and 
looser 
cluster 
of young 
Stars. 


to 2 million years old. It is dominated 
by rare blue-white stars of a type 
that are so massive and short-lived 
they normally destroy themselves 
as supernovas within a few million 
years of formation. At the centre of 
the cluster, these stars form a tight 
knot that was once thought to be a 
single enormous star. In the last few 
years astronomers have discovered 
that it is actually a tightly packed 
cluster-in-a-cluster, but its brightest 
single component is our favourite 
massive Wolf-Rayet star, R136al. In 
fact, R136 contains so much mass 
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that astronomers expect it to break 
the normal rules of cluster evolution. 
Instead of drifting apart, its gravity 
will probably hold it together, 
eventually producing a closely bound 
ball dominated by thousands of 
fainter, more long-lived stars, known 
as a globular cluster. 

With so many massive stars, it’s 
little wonder that supernovas are 
relatively common in the Tarantula. 
The last naked-eye supernova, seen in 
1987, occurred on its outskirts, and its 
gas is sculpted by the still-expanding 
shockwaves from earlier explosions. 
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BIGGEST 
GALAXY 


IC HOl 


The largest galaxies in the universe 
are giant ellipticals - huge clouds 
containing trillions of stars whose 
overlapping individual orbits create 
an enormous, fuzzy-edged ball. These 
monsters can grow to be ten times 
the size of the Milky Way, but even 
by these standards, IC 1101 stands out: 
it has a diameter more than 50 times 
that of the Milky Way, and is roughly 
2,000 times heavier. 

IC 1101 lies at the heart of a galaxy 
cluster called Abell 2029, over a billion 
light years from Earth. The cluster has 
an overall mass of around 100 trillion 
Suns, though most of this is invisible 
‘dark matter’. Only the galaxy's central 
region is bright enough to be seen 
in visible light Git was discovered in 
1790 by William Herschel). Despite its 
relative brightness and early discovery, 
however, IC 1101's true scale was only 
realised in 1990 when astronomers 
detected the faint stars orbiting in 
its outskirts for the first time. More 
recent images from the Hubble Space 
Telescope have confirmed that it is 
roughly 5 million light years across, 
while the Chandra X-ray Observatory 
has revealed an extended halo of hot 
gas spread across a similar region. 

Giants such as IC 1101 are only 
found at the centre of old, densely 
packed galaxy clusters, and 
astronomers think they form from 
the collisions and mergers of smaller 
galaxies. Over time, these collisions 
heat up the star-forming gas within 
the galaxies, giving it enough energy 
to escape their gravity. This robs 
giant ellipticals of the ability to form 
new stars, so as their more massive, 
Shorter-lived stars age and die, they 
end up containing only lower-mass, 
sedate red and yellow stars. The orbits 
of individual stars also become more 
chaotic until the kinds of structure 
seen in spiral galaxies disappear and 
only a ball of stars in overlapping 
orbits remains. At the centre of the 
galaxy, a supermassive black hole 
provides a gravitational anchor around 
which each star orbits. Meanwhile, the 
overall mass of this giant star cloud 
is still enough for its gravity to keep 
a loose hold on the surrounding hot 
gas, creating a halo of X-ray-emitting 
material around the giant elliptical 
galaxy, at the centre of the cluster. 
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WISE project scientist 








Do clusters and superclusters act 
as a single entity? 

Groups are gravitationally bound. 
Then you have larger clusters 

a magnitude of ten bigger than 
groups, the largest gravitationally 
bound struetures. When we say 
gravitationally bound, I mean 





bound in the same way Earth and 
the planets are bound to the Sun, 

except, there's not really a central, 
dominant equivalent of the Sun. 


Can superclusters get bigger 
than the LQG? 

The distribution of galaxies is 

not the same if you look along 
the distance between here and 
the Coma cluster - 300 million 
light years. The universe is lumpy 
[unevenly distributed] on that 
scale, but we know there's not 
much lumpiness on a factor of 
ten larger than this scale, because 
we've been able to probe out for 
much larger distances than 300 
million light years. We can see that 
on the scale of a billion light years, 
the universe is pretty much the 
Same no matter where you look. 
An important point is that the 
larger structures have been at the 
centre of the realisation that most 
of the gravity is coming from dark 
matter. And they're important 

for understanding the history of 
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the universe because the size of 
these structures tell us what has 
happened over the history of 
the universe. 


Between the clusters are voids: 
are those truly empty? 

I would hesitate to say there's 
nothing in them. Voids are 
substantially under-dense. 
Every[where] in the universe today 
there is ionised hydrogen - protons 
and electrons. The density of that 
ionised hydrogen doesn’t vary 
tremendously, so in the voids, 

it’s not vastly less dense than in 
ian tomellbtsi Co) aoe 


What's ‘big’ for a cosmologist? 
300 million light years isn’t 

an instant, but it’s more or less 
contemporaneous. A billion light 
years is starting to be interesting. 
The nearest star being four light 
years away is still an awfully long 
way. It’s mind-boggling how much 
we know having not gone the 
tiniest fraction of that distance. 





BIGGEST VOID 


Bootes void 


One of the biggest things we 
know of in the universe, weirdly, 
is nothing. Between galaxies there 
is intergalactic space, filled with 
gas, dust and ionised particles. 


Scientists are studying this unfeasibly 
large, empty hole in space 


Most of the time; there's relatively 
little distance between them: we're 
talking hundreds of thousands of 
light years that, in the grand scale of 
the cosmos isn't so much to make 

a big deal of. But there are a few 

big places in our universe that are 
practically a vacuum, huge expanses 
of space with near to nothing in 
them. These are the supervoids and 
the biggest of them is the Bootes 
void, a spherical area in space 700 
million light years from Earth near 
the Bootes constellation. Its diameter 
in the sky is 250 million light years 
and its volume is a staggering 
236,000 cubic megaparsecs. To 

give you an idea of how much that 
is, a Single cubic megaparsec is the 
equivalent volume of three cubic 
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BIGGEST SUPER STRUCTURE 


Huge LQG 


Our final giant is one of many super- 
structures that make up the known, 
observable universe. These galactic 
superclusters are made up of smaller 
clusters and groups relatively near to 
each other that, gravitationally, move 
in harmony. 

A single supercluster typically 
contains thousands of individual 
galaxies: our own Milky Way galaxy, 
for example, is part of the Local Group 
of over 50 galaxies that is part of 
the much larger Virgo Supercluster. 
This contains more than 100 galaxy 
groups and clusters for a total numbef 
of galaxies that number in the tens 
of thousands. The Virgo Supercluster 
spans a respectable 100 light years in 
diameter and until recently, the biggest 
known superclusters were around 
seven times wider. 

But earlier this year, a team of 
scientists discovered the biggest object 
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in the universe using data from the 
Sloan Digital Sky Survey. It stretches 
4 billion light years across space 

and is so huge that it messes with 
conventional scientific theory on how 
the universe has evolved. The Large 
Quasar Group (LQG) consists of 73 
quasars, incredibly radiant cores that 
surround supermassive black holes at 
the centre of enormous galaxies. The 
LQG, as it’s known, is 9 billion light 
years away and is several times bigger 
than the previously understood upper 
limit for the largest cosmic structure 
(1.2 billion light years). It's thought 
that these ancient objects might 
represent an early stage of galactic 
evolution in the modern universe and 
the LQG itself, a rudimentary part of 
supercluster development. 


In the last few centuries and the last 


few decades in particular, we’ve come 
a long way in our understanding of 
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it. Put another way, we've | 
been observing other 
galaxies for hundreds of 
years (even if we didn't | 
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in Bottes, but a space this large 
should contain an estimated 10,000 
galaxies. By comparison, our galactic 
neighbourhood has nearly half the 
number of galaxies of Bootes in a 
tiny fraction of the same volume. 
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So big, the 
LQG defies 
scientific 

dntsoays 


the scale and concept of the universe 
around us. To think that ancient 
Greek philosopher Anaxagoras was 
once convicted of ‘impiety’ for saying 
that the Sun was a ‘mass of red-hot 
metal larger than the Peloponnesus'’ 
(a Greek peninsula of around 20,000 
square kilometres/8,000 square 
miles)! With the advancement of 
observational technology and the 
launch of new telescopes like the 
James Webb Space Telescope, it’s only 
a matter of time before another super- 
sized record is smashed and we have 
to revise our understanding of this 
giant universe. 


© NASA; SXC.hu; ESA; ESO 





FutureTech Space farming 


Life support 
! As well as providing food, plants 
consume carbon dioxide and give 


@ . off oxygen, which is of course vital 





for humans to survive. Therefore, 


they could be a substitute for 
: mechanical life support systems. 


Written by Jonathan O'Callaghan 














eaten et 
Plants in space will grow like 
they do on Earth, using sunlight 
and carbon dioxide. If the 
habitat is exposed like this, 
the plants will easily be able to 
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™ Hydroponics = © 
_ Plants will be unable to grow 
—__ inlunar or Martian soil, so an 
i ~ artificial hydroponics 1011 ae 
~ _ willbe needed to provide 
water and nutrients to 
enable the a to flourish. 
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Some plans envision 
multiple plant-bearing 
habitats being launck 
to the Moon ahe: 
astronauts. They would 
be tended to by robots 
until astronauts arrive, 
providing them with an 
immediate source of food. 
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Protection 

To protect plants from 
cosmic radiation on the 
Moon it may be necessary 
to bury habitats in lunar 
soil. On Mars, however, the 
atmosphere could possibly 
provide enough protection. 





Self-sustaining 


By enabling astronauts to 


grow their own crops and food 


in space, they will be able to 
rely less on cargo ships from 
Earth, although they may still 
need some visits for other life- 
tye ra oe 
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Future astronauts will 
need to grow their 

own plants in artificial 
environments if they are 
to survive missions far 
from Earth 


For future human missions beyond Earth orbit, 

out of reach of cargo spacecraft, it will likely be 
necessary for astronauts to grow their own food in 
order to survive. To achieve such self-sustainability 
they will need to grow food on their spacecraft, 
and perhaps even a future lunar base or other such 
habitat will utilise space farming to ensure the 
survival of astronauts. 

If you think space farming is something from the 
distant future, however, you'd be wrong. On board 
the ISS astronauts and cosmonauts alike have been 
testing out the feasibility of growing plants for over a 
decade. The USA-based Space Dynamics Laboratory, 
in partnership with the Russian Institute of 
Biomedical Problems, developed a low-cost growth 
chamber known as Lada to operate on the ISS. It has 
grown a number of things including wheat and peas, 
and has so far proven that plants can grow in space 
with no noticeable side effects. 

Research such as this is imperative for any future 
space farming endeavours. Growing plants on the 
Moon or Mars without soil (known as hydroponics) 
is certainly not out of the question, provided the 
plants were kept in a habitable environment like the 
Lada experiment on the ISS. Based on experiments 
so far, space farming shouldn't prove to be too 
difficult; growing plants in artificial environments is 
likely to be a feature of any future manned missions 
beyond Earth orbit. 

One of the challenges of space farming is that any 
out-of-this-world farms will have less gravity than on 
Earth. Based on ISS experiments, however, it’s clear 
that plants are able to grow even in weightlessness 
as they can support themselves. There will also 
be limited space in which they can grow, so space 
farms will need to be designed with this in mind. 

Space farms will be useful not only for food 
but also for life support. Plants can recycle carbon 
dioxide into oxygen, something that is currently 
performed by machines. This could enable space 
colonies to rely less on machinery and therefore 
reduce the amount of cargo and equipment they 
need to carry. By also supplying astronauts with 
food on the way, astronauts will not need to take 
a huge amount of meals with them (and therefore 
more cargo), instead relying on sustenance from 
plants. This has led some experts to speculate that 
the first visitors on Mars will be vegetarians, as 
bringing unrenewable meat along for the ride will 
take up valuable cargo space. 

Whatever shape or form future space farms take, 
you can be sure that they will be an integral part of 
space exploration. With proposed missions to Mars 
lasting at least a year, it’s unfeasible to imagine that 
such a mission would be successful without the 
renewable food source provided by space farms. © 


© Jay Wong 
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It will be able to 
see a penny from 
Pe Br aceite 


The angular resolution of the James Webb Space 
ees ee ee ala Me ee 
TSE ee ee et en 
resolution of better than O.1 arc-seconds, which 
means that it will be able to resolve a US penny 
located 4.0 kilometres (24 miles} away or a football 
550 kilometres (340 miles) away, 


The mirrors are 
coated in a golf 
ball’s worth of gold 


The JWST's mirrors are covered in gold te optimise 
- them for infrared light, with the gold further 
pratected by a thin layer of glass. The thickness of 
this gold coating is 0.00001 centimetres (0.000004 
inches) across the mirrors 25 square-metre (270) 
square-foot) surface, and in total the gold weighs 
ee ee eae Cena ae 
a ee ed 


We won't be able 

= fix it (So ae 
etter get it right 

the first time) 


The JWST will take about a month to reach a 
position 1.5 million Kilometres (930.000 miles) from 
Earth known as Lagrange Point 2-or L2. Here the 
ae eA ICRC ETN 
Sun, Earth and the Moon but, if it malfunctions, we 
Meer ele eae en ee 


It could find water 
on exoplanets 


One of the JWST's most notable abilities is that it 
TGs ae eee em ere ere 
RSCG MULE em MU el ol 
able to measure the atmospheres of exoplanets by 
studying the starlight that passes through. By doing 
this it can determine whether an exoplanet has 
Aen a ee a 
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ieee A Sem elena 
more powerful 
than Hubble 


The giant mirror of the James Webb Space Telescope 
is Made of 18 individual hexagonal segments 
composed of lightweight beryllium. It is almost 
three times the size of the Hubble Space Telescope’s 
USC MeN CURES Td p me mee os oe a oo 
times greater, however, both mirrors weigh almeast 
ie Rea Oe eR nme mete ee] 
eva B lice 


It's as big asa 
CSTE CMGe nia 


With asunshield 22 metres (72 feet) in length, the 
size of a tennis court, and a mirror that is 6.5 metres 
Pee eee Da 

in 2018, is over twice the size of the Hubble Space 
Oh ee eA oo ed 
Sm eo 


It will see the 
first light of the 
universe 


One of the goals of the JWST is to observe the 

first stars and galaxies that formed just a few 
hundred million years after the Big Bang, an era of 
Ail ee | dae 
Tae eR et he eee 
Will enable it to do this. 


One side is hotter 
than Death Valley, 
daleme)data) mimeo) ea 
than Antarctica 


The side of the JWST that will always face the Sun, 
the bottom of the sunshield, will reach temperatures 
of 85 degrees Celsius (185 degrees Fahrenheit). 

Wi eth ae a om et eo ceca al 
ecience instruments, will operate al -223 degrees 
Celsius (-3/0 degrees Fahrenheit), a temperature 
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in space _ 


Many features of the JWSTail fr is 
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launched on a rocket in asm 
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will unfold in its full configur 
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ten years. The telescope . 
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All About Europa 


All About... 


BUROFA 


MPM lac eM omni leer wa eee l a 


This striking Jovian moon seems like a wasteland of ice, but 
may be capable of supporting life beneath its frozen exterior 
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Jupiter has more confirmed moons 
than any other planet in the Solar 
System, with 67 natural satellites. 
However, just four moons make up 
more than 99 per cent of the total 
mass. These are the Galilean moons, 
so-named after their discoverer, 
Galileo Galilei. The smallest of these 
four, Europa, is Jupiter’s sixth-closest 
moon. It’s just a bit smaller than our 
Earth's Moon, with a diameter of 3,122 
kilometres (1,940 miles). Europa’s 
volume is 0.015 that of Earth's, and 
its mass is 0.008 of Earth's. It may 
not be large, but it looms large in 
astronomical circles for more than 

a few reasons. Visually, the moon 


ry] 


captures attention for its smooth, 
marbled appearance - mostly bluish 
white, with reddish orange streaks 
and splotches - due to tidal flexing, a 
phenomenon caused by gravitational 
forces from the bodies around it. Tidal 
flexing is also the potential cause for a 
liquid water ocean beneath the young 
and active surface. 

The moon has an orbital radius of 
670,900 kilometres (417000 miles) 
and takes about 3.5 Earth days to 
make its circuit around Jupiter as 
well as rotate on its axis. Its orbit is 
mainly circular, with an eccentricity 
of 0.0094 (compared to our Moon's 
0.0549). Europa is tidally locked to 


i 
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“Europa’s subsurface ocean 


has intrigued researchers due 
to its potential to harbour 
extraterrestrial life’ 


Jupiter, with the same side facing the 
gas giant at all times. There is a sub- 
Jupiter point on the surface of the 
moon, so that if you were standing on 
it, it would appear that the planet is 
hanging directly above you. However, 
some researchers believe that the 
relationship between Jupiter and 
Europa isn't a full tidal lock. There's 


evidence that Europa rotates faster 
than its orbit, or at least it used to - 
the icy crust of the moon may rotate 
faster than its interior. It also has 

an iron core, a rocky mantle and a 
liquid ocean under the crust. There's 
evidence of a weak magnetic field that 
can vary wildly as the moon passes 
through Jupiter’s strong magnetic field. 


Galilean 
ileal 


lo 

This moon is the closest to 
Jupiter of the Galilean moons, 
orbiting 421,800km (262,000 
miles) from the planet. There 
are hundreds of volcanoes on 
its surface, making it the most 
geologically active body in our 
Solar System. 


Europa 

About 249,300 kilometres 
(155,000 miles) from lo, 
Europa stands out from the 
rest because of its smooth 
surface, striking features and 
potential sub-ice ocean. It's 
also the smallest of the four. 


Ganymede 

Ganymede lies 1,070,400 
kilometres (665,000 miles) 
from Jupiter and 399,300 
kilometres (248,000 miles) 
from Europa. It's larger than 
the planet Mercury and the 
only known moon to have a 
magnetosphere. Ganymede 
may also have a liquid 
ocean under its surface, but 
sandwiched between two 
layers of ice. 


Callisto 

Callisto is heavily cratered and 
the least dense of the Galilean 
moons, believed to comprise 
equal amounts of ice and rock. 
It is 1,882,700 kilometres 
(1,170,000 miles) from Jupiter 
and 812,300 kilometres 
(505,000 miles) from its 
neighbour Ganymede. 
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This ocean has intrigued 
researchers due to its potential to 
harbour extraterrestrial life, and yet 
we didn't really know much about the 
moon at all until the Galileo spacecraft 
arrived in the mid-Nineties. There's 
also some thought that humans 
could colonise the moon, although 
at first it doesn't seem likely. Europa 
doesn't seem to be very hospitable 
- it's very far from the Sun, so 
temperatures don't reach higher 
than -160 degrees Celsius 
(260 degrees Fahrenheit) 
at the equator and -220 
degrees Celsius (-370 degrees 
Fahrenheit) at the poles. It 
also has a thin atmosphere of 
mostly oxygen, and radiation 
levels high enough to kill a 
person in a day. But perhaps 
we could use the ocean for 
drinking water and extract its 
oxygen for breathing - both 
issues that serve as roadblocks 
to colonising other planets and 
moons. There's even been 
speculation about building 
a base underneath the crust 
to use the ice as a radiation 
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resonance 


shield. Before seriously entertaining 
the idea of extraterrestrial life or living 
on the moon, we have to return to it - 
but that’s not scheduled to happen for 
another decade or so. @ 


® Size and mass 
Although Europa is a shade under a 
quarter of the size of Earth, Earth is 
over 100 times more massive. 


Europa is in an orbital (Laplace) resonance with 
both Ganymede and Io. This means that these 
three moons are exerting a regular gravitational 
influence on each other because their orbits are 
related to each other by a small integer (non- 
fractional) number. These three moons are in 
what's known as a Laplace resonance, because 
they have a simple integer ratio between them. 
In order, Ganymede, Europa and Io are in a 1:2:4 
ratio. For every orbit of Ganymede, Europa orbits 
twice and Io orbits four times. The gravitational 
pull from this resonance distorts each moon's 
orbit into an ellipse, while the pull from Jupiter 
tries to make the orbits circular. This flexing 


action causes tidal heating in each moon. 


Io and Europa (top), 
Jupiter's moons of 
fire and ice 
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All About Europa 


Europa is only 
slightly smaller than 
Earth's Moon 





JHU Keo BBO Basse) erelels 
orbit with two of 
Jupiter's other moons 


Europa 


Ganymede 
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Although Europa is an icy moon, evidence suggests 
that its composition is much like the rocky planets - 
an iron core surrounded by a silicate rock mantle 


The first evidence of a liquid ocean came from the 
Galileo spacecraft, which revealed that the moon 
has an induced magnetic field. In order for this to 
happen, there has to be a conductive layer under 
the surface and a salt water ocean is the most likely 
explanation. Although this part has been commonly 


accepted, there are two different possibilities for the 

ice layer: the thin ice model and the thick ice model. 
In the thin ice model, the crust would be just a 

few kilometres thick and float atop the liquid ocean 

layer. Heat from the mantle would rise through 

the water and crack the crust, causing some of the 


“The remaining craters on Europa give 
some indication that the ice is thick 


instead of thin” 


— SSS 


eek at) 


Is the icy crust thin or thick? A thinner 
shell could allow for intense heat to 


directly melt some of the shell. 


Rocky mantle 

Heating from within Europa’s rocky 
mantle is believed to stem from its 
eccentric orbit and gravitational 
interactions with Jupiter and lo. 


¥ os Ths es he My ~ | 4 
Images from nacelle Se! perience 
used to create this image of Europa’s" 
Pwyll impact crater 


striking surface formations such as the jumbled 
chaos terrain. More researchers agree with the thick 
ice model, in which the crust is somewhere between 
10 and 30 kilometres (6 to 19 miles) thick. Rising 
heat creates a softer, warmer layer of ice underneath. 
These can function as glaciers, floating around and 
causing fractures in the hard surface. The remaining 
craters on Europa give some indication that the ice is 
thick instead of thin. They are flat on the bottom and 
appear to contain flat, fresh ice, which would be less 
likely to happen if the ocean was directly reacting 
with the crust. @ 
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lron core 
Europa is believed to 











have a small metallic Rocky mantle 
Atop the core 

core, mainly 
comprisin is a mantle of 
aie: silicate rock. 


iron. 






Liquid ocean 
This icy moon is 
thought to have a layer 
of salty liquid water 

thanks to tidal heating. 


Icy crust 

The icy crust may 
simply be a thin, brittle layer, 
or a layer of soft, warm ice 
with a thin shell on top. 


a! lane= 
If the icy shell is thick, heat at the 
Bee eee M NV Rak ik eRe oN 1m) | 
in em ale] OWN e-laLe 
disrupts the surface ice. 


Liquid ocean 
Most scientists believe that this 
heating has caused the formation 
of a liquid water ocean underneath 
dA OLar-(aoe 
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Europa is a moon of extremes. 





(485,000,000 miles) 


The distance from Europa to the Sun 


O64 


The light reflectivity 
of Europa, compared 
to our Moon's 0.12 
What you 
would weigh on 
Europa if you 
weighed 45kg 
(LOOIb) on Earth 
O 
The level of 
radiation on 
Europa (500 | 
rem is fatal) Researchers believe 
Europa’s poles have 
shifted by this much 
due to ice buildup 


(called polar wander) 


Europa is the 
15th largest 
body in the 
Solar System 


The estimated height of an icy mountain 
found in the Conamara Chaos region 


The amount of time it's believed to take for 
Europa’s crust to completely revolve relative 
to its interior 
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With its thick ice and frosty brine-spouting cryovolcanoes, the 


smooth surface of Europa is a strange place to observe 


Europa has an unusual-looking surface. It’s 
incredibly smooth for the most part - one of the 
smoothest objects in existence in the Solar System. 
That doesn’t mean that the moon is a featureless 
ball of ice, however. The icy surface is also cracked 


in places, and criss-crossed with numerous reddish- 


orange lines and splotches. There are also ridges, 
domes and possibly even cryovolcanoes. The exact 
mechanism for the formation of these features is 
unknown, and there are a number of contradictory 
theories. The prevailing theory is that they're likely 
due to intense tectonic activity within, caused by 
tidal heating. Opposing gravitational influences 
from Jupiter and other Jovian moons work to keep 
the moon's interior on the move. This generates 
heat, warming ice below the surface and causing 
the colder crust on top to crack and shift. This tidal 
flexing may also spawn cryovolcanoes - the icy 
equivalent of Earth's volcanoes that spew ice and 
gases into Europa’s atmosphere. 

The dark lines, or lineae, arcing across Europa 
were likely produced by a series of eruptions 
of warm ice and are coloured dark because of 
contaminants such as magnesium sulphate in the 
ice. The spots, or lenticulae, may be the result of 
melted water that pushed up through the surface, 
then froze. There are also jumbled chunks of ice, 
known as chaos regions, scattered around. Some 
researchers believe that these are areas where the 
subsurface ocean has melted through the crust, but 
a newer hypothesis has emerged. There may be 
pockets of liquid water - separate from the ocean 
- encased just under the icy crust. These could 
be the source of the chaos regions, not the ocean. 
Regardless, all of this shifting seems to have got rid 
of all but the largest impact craters. 

Europa has a very thin, tenuous atmosphere, 
mostly comprising oxygen, that exists at a much 
lower pressure than Earth’s atmosphere. This 
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atmosphere doesn’t come from biological processes 
on the moon itself; instead, it’s a result of ultraviolet 
radiation from the Sun and charged particles from 
Jupiter’s magnetosphere hitting Europa’s surface. 
The radiation splits water into separate oxygen and 
hydrogen molecules, which are drawn to the surface 
of the moon. The hydrogen molecules are lighter 
and quickly escape Europa’s atmosphere, joining 
with other gases to form a neutral cloud around the 
moon. The denser oxygen stays in the atmosphere 
and may even reach the subsurface ocean. 

At the equator, temperatures on Europa average 
approximately -160 degrees Celsius (-260 degrees 


Fahrenheit) and -220 degrees Celsius (-370 degrees 
Fahrenheit) at the poles. That hasn't kept us from 
speculating about the habitability of the moon, or 
the possibility of life existing there right now. The 
subsurface ocean has been compared to the deep 
ocean on Earth, where microbial life exists near 
hydrothermal vents. There is no evidence yet, but 
a NASA researcher wrote in March 2013 that there 
is likely an abundance of hydrogen peroxide on the 
surface. When hydrogen peroxide is mixed with 
liquid water, it decays into oxygen. This would 
make the oxygen concentration high enough to 
theoretically support life. @ 


“The subsurface ocean has been 


compared to the deep ocean on Earth” 


Icy volcanoes 


Europa is believed to have a subsurface 
ocean that remains liquid due to energy 
from tidal heat, rather than an internal heat 
source. The gravitational pull from Jupiter, 
along with disturbances from other moons 
and its mean motion resonance with the 
nearby moon Io, causes Europa’s interior 
to flex. In addition to the liquid ocean, 
Europa may also have cryovolcanoes. 
Intense pressures within forces gases and 
liquid up through the icy surface, creating 
explosive sprays. 


> Influential moon 


At just 249,300 


mente (=m eco lcs 
Movement within the 
interior may create volcanic 
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kilometres (155,000 
miles) away, lo exerts 
its influence on Europa. 
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These spots are lenticulae, Latin for ‘freckles’. They 
suggest churning underneath the surface as colder 
ice sinks and warmer ice rises, with the reddish 
colour giving a clue as to the ocean's composition. 
2. Minos Linea 

This shot of the Minos Linea region of Europa is a 
composite from images taken by Galileo. The brown 
and red splotches and lines indicate the presence of 
contaminants within the ice. 

3. Tyre 

Galileo captured this ringed scar measuring about 
140 kilometres (87 miles) wide on Europa’s surface, 
the product of an impact from a comet or asteroid. 
4. Conamara Chaos 

This close, high-resolution image shows the details 
of Europa’s icy crustal plates, which have broken 
apart and moved across the surface. This suggests 
soft ice or water underneath the hard icy layer. 

we eee ieee Cela gt 

This mosaic created from images taken by Galileo 
shows the smooth icy plains, dark spots and brown 
linear ridges that cover the moon’s surface. 
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Voyager 2 had a close encounter 
with Europa on 9 July 1979 and 
took this colour shot 


The Galileo spacecraft gave us SO 
much information about Europa that 
were planning to return soon 


Although Galileo was the first 
spacecraft to closely observe Europa, 
it wasn't the first look we've had 

of the moon. Pioneer 10 captured 
images, albeit fuzzy ones, from about 
321,000 kilometres (200,000 miles) 
away in 1973. These showed some of 
Europa’s albedo features, but that’s 
about it. The two Voyager probes gave 
us better images of the moon in the 
late-Seventies, showing enough detail 
to make some believe that there was 
a liquid ocean under its icy surface. 
Astronomers on Earth had been 
observing Europa since its discovery, 
and the Hubble Space Telescope 
provided some crucial details about its 
atmosphere in 1995. That same year, 
the Galileo spacecraft entered Jupiter's 
orbit. After finishing its main mission 
in 1997, it went on an extended 
mission called Galileo Europa and 
made numerous flybys, coming within 
587 kilometres (365 miles) of the 


moon. It gave us the most detailed 
images of Europa’s surface to date, 
as well as revealing its atmospheric 
composition, magnetic field and 
further potential for a subsurface 
ocean. Galileo finished in 2003 with 
the Millennium Mission, during which 
it collected further data on Ganymede 
and Io. In 2007, New Horizons imaged 
Europa on its way to Pluto. 

Europa's ocean and its potential 
for life have made it a target for 
future space exploration. There have 
been several proposed missions that 
haven't made it past the early stages. 
NASA commissioned a study in 2012 
to explore lower cost options for 
missions to Europa. The European 
Space Agency has a planned three- 
year mission titled JUICE VJupiter Icy 
Moon Explorer) to check out Jupiter 
as well as Callisto, Ganymede and 
Europa. JUICE is currently scheduled 
for launch in 2022. @ 


“The European Space Agency 
has a planned three-year 
mission titled JUICE to check 
out Jupiter as well as Callisto, 
Ganymede and Europa’ 








NASA's New Horizons spacecraft took 
this image of Europa above Jupiter on 
28 February 2007 
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These four largest moons of Jupiter - 
Ganymede, Callisto, Io and Europa - are 
called the Galilean satellites 
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Galileo 
spacecraft P 
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This platform held four 
optical instruments: 

solid state imaging 
camera, the near-infrared 
mapping spectrometer, 
the photopolarimeter/ 
radiometer, and the 
ultraviolet spectrometer. 


Magnetometer Sensors 

These sensors were located on a boom (on 
the opposite side of this illustration) to avoid 
interference from the craft while measuring 
magnetic fields and their distortions. 


Galileo's 
technology 


Galileo had a unique design, with a spun side 
and a de-spun side. This meant that one section 
rotated at three rotations per minute, which 

kept the spacecraft stable. The instruments 
mounted on this section gathered data from 
many different directions as it spun. The spun 
section also carried the power supply, electronics 
and computer systems. The de-spun side held 
instruments like the imaging systems and 


the probe that descended through Jupiter's 
atmosphere. The spacecraft also had two 
different sun shades, which were necessary 
to protect the instruments from the intense 
radiation from the Sun. 
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The EPD measured the 
composition, distribution, 
energy and strength of 
charged particles. 
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The HIC collected data 

on heavy ions in Jupiter's 
atmosphere with potential to 
damage the spacecraft. 
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Na ala Jupiter 
This antenna tracked © Atmospheric 
and received data Probe 
from the probe after § This probe came 
it descended through through Jupiter's 


atmosphere to 
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about its clouds, 
composition, 
radiant energy, 
wind, temperature, 
and more. 


Jupiter's atmosphere. 


Radioisotope Thermoelectric Generators 
These produced the electricity for the craft 

via heat generated by the radioactive decay of 
plutonium-238. 
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Mission Profile 


Observing Europa 


Name: Galileo 
Launch: 18 October 1989 
Orbital insertion: 8 December 1995 
Launch vehicle: Space Shuttle Atlantis 
Vehicle mass (orbiter): 2,380kg (5,200Ib) 
Spacecraft dimensions (orbiter): 5.2m (17ft) 
high, 11m (32ft) wide 
Missions: Galileo orbiter, Galileo probe 
Flybys: Earth, Venus, asteroid belt, Io, Europa, 
Ganymede 
Hobie EV Mel yee (og (ep 
Galileo remains the only spacecraft to orbit 
Jupiter, and its probe was the first to enter the 
Jovian atmosphere. It gave us numerous 
Peet; Wau MALCR Mehul me Pe eM ip ee ne 
SE aie EO CCRC em pra 
mapping the structure and extent 
of the Jovian magnetosphere, 
observing ammonia clouds in Jupiter's 
atmosphere and discovering that 
Jupiter's ring system is formed by 
dust created when asteroids smash into 
the small inner moons. Galileo also found 
evidence of liquid oceans under the surfaces of 
Callisto, Europa and Ganymede, while finding 
thin atmospheric layers on the same moons. 
Its later discoveries include a magnetic field 
on Ganymede, plus evidence of strong volcanic 
activity on Io and interactions between plasma 
in Io's atmosphere and Jupiter's atmosphere. 
Galileo had the first spacecraft encounter with 
an asteroid (951 Gaspra) and performed the first 
experiments in astrobiological remote sensing. 
The craft was damaged by its long contact 
with Jupiter's intense radiation and was 
deliberately crashed into Jupiter's atmosphere 
in 2003, to avoid potentially contaminating the 
Jovian moons with bacteria from the planet. 
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Bileen Collins: 
Rocket Woman 


Interviewed by Jonathan O'Callaghan 


Having served as both the first female pilot and first female 
commander of NASA's Space Shuttle, Eileen Collins boosted the 
involvement of women in space exploration to a whole new level 





Eileen Collins 
Age: 56 

First mission: STS-63 
No. of missions: 4 
Time in space: over 872 
hours 


Born on 19 November 1956, 
Eileen Marie Collins served 

as a pilot in the United States 
Air Force before becoming 
one of the most decorated 
astronauts in NASA‘s history 
after her selection in 1990. She 
served on four separate Space 
Shuttle missions, including the 
first American rendezvous 
with Russia's Mir space station 
and the return to flight mission 
after the Columbia accident. 
She retired from NASA on 1 
May 2006 to pursue private 
interests but retains an interest 
in space exploration to this day. 
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How did you first become interested in 

space exploration? 

It all started when I was nine years old and I was in 
fourth grade reading an article in a magazine about 
the Gemini programme. They were profiling the 
astronauts and the missions, and that was when I 
Teally, as far back as I remember, found myself very 
interested in the space programme. And while I 
attended summer camp as a child I would visit the 
glider field and we'd watch the gliders take off. So 
there was a little bit of aviation in my background, 
and I think that's maybe the roots of my getting 
interested in aviation and space. 


Were you proud to be selected as the first female 
Space Shuttle pilot? 

Well, back in 1989 I interviewed for the job of Space 
Shuttle pilot and in January 1990 I talked to John 
Young and he told me that I was selected, and also 

I was going to be the first woman pilot. It was 16 
January 1990, I remember the date. I went through 
training from the summer of 1990 to the summer of 
1991, and it was September 1993 when I was actually 
assigned to a flight and then that mission [STS-63] 
didn't fly until February 1995. Then of course there 
was a lot of attention. Was it a proud moment? | 
would say yes, but not for me as much as it was, I 
think, for the space programme and for women in 
general. Even though women had flown in space 

as mission specialists no women had flown yet as a 
pilot. I think it was a good step for women in general 
overall, and I've actually had women that worked 

in the Kennedy Space Center say to me that now 
that I've done what I've done they are getting more 
respect from their male co-workers. 





Did other female astronauts inspire you? 

Oh, yes, definitely. Sally Ride, she was a role model 
for me and she flew in 1983 and again the next 

year. And Valentina Tereshkova, who I met in 

1995, she was the first woman in space and then 
Svetlana [Savitskaya] was the first woman to do a 
spacewalk, and the third Russian woman was Yelena 
[Kondakova]. But the Russians have only flown three 
women in space, while the Americans have flown 
[over 40]. So Russia needs to start getting some 
women in their programme, I'm really surprised that 
they are not doing that. 


Has there been a shift to a more inclusive 
astronaut programme in America? 

Yes, inclusive in the sense of what you look like is not 
important. It's kind of silly for me to say this because 
it’s So well accepted and part of our culture now, but 
What you look like, man or woman, colour of your 
skin, or other factors about you are not as important 
as your ability to contribute to space exploration. So 
your experience, your college degree, your motivation 
to help with space exploration, that is far more 
important than all these other things. From the 
mission side it’s all about getting the right people to 
make the mission safe and successful. 


Could the first person on Mars be a woman? 
That's going to be a difficult decision, who is going to 
be the first person to step on Mars, because you saw 
What happened to Neil Armstrong. He became a huge 
celebrity because he was the one who put his foot 
down there first, and even though Buzz Aldrin was 
with him Buzz went second. To me I don't know if it 
makes that much difference which one steps down 


‘Tve actually had women that worked 

in the Kennedy Space Center say to me 
that now that I've done what I've done 
they are getting more respect from their 


male co-workers” 
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NASA's most accomplished 
astronauts during an illustrious 
career that spanned 16 years 
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first, but Neil was the commander so he went first. 

So somewhere along the line we have to pick who 
will be the first one to step on Mars. My question is 
will it be an American, because whether it’s a man 

or a woman, | don't know if that’s important to me. I 
mean, I would like to see a woman [be first], I think 
it'd be wonderful to see a woman as the first person 
to walk on Mars, but I think it's more important that 
the US makes a commitment to be the first country 
there, because otherwise we're going to lose our 
leadership. I believe that China has the ability to be 
the first country on Mars, and I think there are even 
some other countries out there that could be first that 
are showing interest in a strong space programme. 
The US has some good ideas but I think we need a 
better commitment in our budget. The other question 
is will it be a country or a private company, because it 
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the first Americans to see Russia's Mir space station 
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Collins and her fellow astronauts on STS-63 in 1995 were Commander Collins leads her crew out for the STS-114 
mission on 26 July 2005 


could also very well be a private company that send 
their people first. So who knows! The future is very 
exciting, we just don't know what’s going to happen. 


Is the commercialisation of space a good thing? 
Yes, in fact having private industry go to LEO [low 
Earth orbit] is going to save us, because our country 
does not have the budget to continue to service 

the [ISS] and do deep space exploration. So I think 
that’s definitely the way to go, have private industry 
service the space station with people and cargo, and 
use NASA's budget to do the things that maybe the 
private industry isn't willing to do right yet. 


Do you think NASA's goal of exploring deep 
space with the Orion and SLS is a good one? 
Yes, I do, I really do. I think that it's a little more 
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traditional but I think that it is the right goal. 

The biggest risk is the loss of commitment in the 
investment, if it gets de-funded in the budget like 
Constellation in 2010, which was the programme 

to [take humans] back to the Moon. Now, instead of 
going back to the Moon they're talking about going 
to asteroids, but I think it is the right way to go. Deep 
Space is an important thing for us to do, to continue 
to explore and get people off the planet and find out 
What's out there. 


What was that first mission, STS-63, like? 

It was a difficult mission because we were the first 
Americans to see the Mir space station in 1995. We 
were doing something for the first time, a rendezvous 
[between the Shuttle and Mir], but we didn't dock, 
we just did the rendezvous and the close approach. 
The whole thing was to test out the Shuttle’s flying 
ability, the rendezvous trajectory, our navigation aids 
and the communications systems. We were the test 
flight for the couple of flights after us that did the 
first docking. So because it was such a test flight, 

and so many of the things were done for the first 
time, it was a difficult mission to develop. Plus we 
had to do a lot of negotiating with the Russians. The 
main question from the crew's point of view was 
how close were we going to go. We were going to go 
to 1,000 feet [from Mir], then we negotiated to 100 
feet, and in the end we negotiated to 30 feet. So the 
actual rendezvous itself went to 37 feet. And that 
Was not easy, getting everyone to agree it was safe 

to go that close. But frankly we made the docking 
missions a lot safer with less unknowns by us flying 
[closer]. That was the biggest challenge, co-ordinating 
to get that close, and then of course one of the 

most exciting things about the mission was for us 

to be able to look out the window and wave at the 
cosmonauts and take pictures. It was just kind of fun. 


Was it a surreal moment being that close to Mir 
for the first time? 

It was but I'm going to tell you, I was very nervous 
during the whole thing because you never know 
when you do something for the first time what’s 
going to break, if you're going to have an emergency 
or malfunction. So I was a little bit nervous about 
the whole thing and rightfully so. But once we did 
the close approach we were in there at 37 feet, we 
waved at them, and it just really felt like we had 
accomplished so much. And then my commander 
Jim Wetherbee made this radio call that I'll never 
forget, it was something like ‘as we bring our 
spaceships together, we are bringing our nations 
together’ [laughs]. He said that while he was flying 
just 37 feet away from Mir. That was one of my 
biggest memories. 


What were some of the highlights from your 
other three missions? 

On my second mission [STS-84, May 1997] we 
docked with Mir, and I think the highlight was just 
being on the Mir space station, which was very old at 
that point in time. But it was very comfortable, very 
liveable, and I enjoyed being there. My third mission 
[STS-93, July 1999] the highlight without a doubt was 
the [successful deployment of] the Chandra X-ray 
Observatory. Between NASA and TRW [the aerospace 
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company that built Chandra] it was a fantastic 
observatory and I'm so proud to say that my crew 
was able to take it up safely and deploy it. It was built 
for a five-year mission and it's up there extended for 
15 years now. My fourth mission [STS-114, July-August 
2005] was getting the Space Shuttle flying again 
after the Columbia accident [on 1 February 2003]. 
Sometimes I look back and I can hardly believe I 

did all that. Was I part of the teams that made those 
amazing missions happen? It's hard to believe I was, 
and here I am today retired looking back at it. 


Were you nervous on that return to flight 
mission after the Columbia accident? 
Of all the flights I think the one that concerned me 


the most was the first one doing that Mir rendezvous. 


That might have just been the fact that it was my 
first flight in space, and there were a lot of unknowns 
with it being my first flight. For my last mission I was 
tremendously confident. I was the commander, I had 
flown three times before and I really knew what I 
was doing. Of course you always have an unknown 
but I think experience really gives you a strong 


feeling of confidence, which I think is very important. 


If you're the leader, as the commander, you're not 
only the leader of your crew on the mission but 
youre setting the tone for all the people working in 
the programme around the planet. So I was truly 
very confident and ready to fly that mission. I wasn't 
going to accept the mission and fly it until I was 
convinced that we were going to have a safe and 
successful flight. Now, there were some unknowns. 
We did repair tests in space for the first time and 
we did an inspection of the exterior of the Shuttle 
heat shield for the first time. There were a lot of 
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“You never know... if youre going to have 
an emergency or malfunction 


firsts on that mission, but I was very confident in my 
crew, I knew them very well and they were all very 
smart and dedicated, so I think my last mission was 
probably the one that I had the most confidence in. 


Were you Sad to see the Shuttle retired? 

Yes, very much so, I was very sad to see it retired. 

I still believe the Shuttle could have flown longer 
than it did, but it was not promoting a change in 

the policy. I think it was around 2008 that I was 

on the NASA Advisory Council and the Shuttle 
programme manager said, ‘if you want to change 
your mind about retiring the Shuttle you need to tell 
me right now because I am closing out contracts, 
the pipeline for supplies is shutting down, certain 
supplies just aren't being made any more and the 
decision is being made where we're at the point of 
no return’. The longer we waited to change our mind 
on Shuttle retirement the more expensive it was 
going to be to start that programme back up again. 
And when we got to 2010 and people started saying 
‘oh, Constellation is cancelled, Ares 1 is cancelled, 
now we have no way to get to the space station, let’s 
keep the Shuttle flying’, well yeah maybe that would 
have been the right thing to do but it was extremely 
expensive at that point to try and keep the Shuttle 
flying again. Basically the right decision at that point 
was to keep shutting down the Shuttle programme. 
By the time we got to 2010 it was just too expensive 
and just extremely ineffective to change our minds. 


So I agreed with the decision to shut down the 
Shuttle, as sad as it was, and I’m sorry that it had to 
happen the way it did. 


Are there exciting times ahead, though? 

Yeah, I think the Orion [spacecraft] and the Space 
Launch System are going to fly. It's going to be 
expensive but space programmes cost money. Should 
we do it? Yes, without a doubt, we definitely need to 
do it. I don't want to see it stretched out and delayed 
any more. If you stretch it out it just gets more 
expensive. So yes, they should fly, yes they should 
stay on schedule, and they will have some problems 
but that’s what you expect from a new programme. 
When they have problems we shouldn't just cancel 
the programme, we need to fix the problems and 
keep going. I don’t like the idea of giving up on 
something because it’s not as perfect as we thought 
it was going to be. I mean nothing's perfect, you just 
need to stick with it, make it right and make it safe 
and get it flying. 


Are you still involved in space? 

Yes, very much so. I stay up to speed with what’s 
happening and I'm joining a board that works for the 
National Academies called the Aeronautics and Space 
Engineering Board. When you jump to a new career 
field you've got a great big learning curve and it takes 
a lot of time, but I enjoy human spaceflight so I try to 
stay mostly involved in that area. @ 


43 





© NASA; NASA Art Program 


FutureTech Ganymede Lander 
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Communication with either 
Earth or an orbiter around 
Ganymede will be conducted 
by a large antenna on top of 
the lander. 







ener 
The Ganymede lander will weigh 
about 770kg (1,700Ib), slightly 

less than NASA's Curiosity rover 
alleen AAC) ale 


' Luna-Glob 
The core of the lander will 
be based on the Russian 
Luna-Glob design, which 
is an unmanned Moon 
exploration programme 
expected to begin later 
this decade. 
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The Ganymede Lander will 
be the first spacecraft to touch 
down on this moon of Jupiter 














Lander 


How Russia plans to land a 
Spacecraft on the largest moon 


in the Solar System 


Written by Jonathan O'Callaghan 


Around Jupiter lurks Ganymede, one 
of the four Galilean moons and the 
largest natural satellite in the Solar 
System. In fact, with a diameter of 
5,268 kilometres (3,273 miles), it is 
JENS oan mee rem deem ee betcm\yceelat 
and has over twice the mass of Earth's 
Moon. 

However, it is not the size of 
Ganymede that is of most interest. 
This giant moon, over 600 million 
kilometres (373 million miles) from 
Earth, has an icy surface and might be 
hiding a saltwater ocean underground, 
while its atmosphere bears tantalising 
hints of oxygen and may even possess 
a thin ozone layer. For these reasons it 
has garnered a lot of interest for future 
exploration missions and one of those, 
Russia's Ganymede Lander concept, 
could touch down on its surface next 
decade. 

The Ganymede Lander will launch 
along with the European Space 
Agency's Jupiter Icy Moons Explorer 
(JUICE) spacecraft in the early 2020s, 
alriving at Jupiter in 2030 after using 
gravitational assists to reach the 
giant planet. The collaboration will 
allow JUICE to scour Ganymede for 
a suitable landing site for the lander, 





although a separate Russian orbiter 
might also join the launch to provide 
a back-up option to help find a landing 
site. 

The lander itself will be a stationary 
vehicle, touching down on a region 
of interest on Ganymede'’s surface to 
perform scientific analysis. A large 
antenna on the top will communicate 
with Earth, while numerous 
instruments including cameras 
and spectrometers will analyse the 
surrounding area. The main focus of 
the mission will be astrobiology. 

If it goes ahead, this will be the 
second such mission ever attempted 
in the outer Solar System. So far 
spacecraft have landed on Venus, the 
Moon, Mars and Saturn's moon Titan; 
landing on Ganymede would be a 
one-of-a-kind venture that will provide 
us with groundbreaking information 
about this fascinating world. 

The Ganymede Lander is still in the 
concept stage at the moment. Russia 
will spend up to $1 million (£650,000) 
on research and development for the 
spacecraft in 2014 to determine the 
feasibility of such a mission, with 
construction on the first prototypes to 
begin in 2017 if all goes to plan. © 


Ganymede is the 
largest moon in the 
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This mosaic of Curiosity, with Mount 
Sharp in the background, was put 
together using 55 images taken by the 
Mars Hand Lens Imager (MAHLI) 
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one year on 


In August 2012, the most ambitious robotic vehicle ever 
devised landed on Mars on a mission to probe the Red 
Planet for signs of past and present habitability. Twelve 
months on we speak to the team's deputy project scientist 
about Curiosity’s accomplishments so far, and what it'll be 
doing in the next year 


Written by Jonathan O'Callaghan 





On 6 August 2012 the world watched In the 12 months Curiosity has been mountain also known as Aeolis Mons), 
in awe as a rover the size of a car operational it has been making some which rises 5.5 kilometres (3.4 miles) 
descended to the surface of Mars tentative steps towards achieving above the floor of Gale Crater and has 
under a rocket-powered contraption its numerous goals, which include layers of sediments that may hold 
and touched down. Almost a decade assessing Mars for signs of past and clues about the Red Planet's history. 
in the making, the Mars Science present habitability. NASA has been “When you land you have this 
Laboratory (MSL), better known as the careful to only take baby steps so far, incredible burst of adrenaline,” Dr 
Curiosity rover, has been a massive but in the next year Curiosity will Joy Crisp, the deputy project scientist 
success story for NASA. Never before be pushed to the limits as it explores for the MSL mission, told All About 
has such a large and complicated its surroundings and heads towards Space. “But a lot of this first year 
vehicle landed on another world. its ultimate goal, Mount Sharp (a involved [testing] of more and more 


[of our] capabilities. We needed to 

test things out on Mars before we 
went crazy, but now we are a lot more 
confident in the rover.” 

7, ae That's not to belittle any of the 
—_—— accomplishments of Curiosity so far, 
however. While it may only have taken 
tentative steps, it has already found 
evidence of a watery past on Mars 
and returned stunning high-resolution 
images from the surface. 

The first piece of evidence of Mars’s 
wet past that was discovered by 
Curiosity came from “conglomerate 
rock with rounded pebbles in it,” Dr 
Crisp explained. “When we looked at 
those pebbles and saw how rounded 
they were, that led the science team 
to be able to figure out how deep 
the water had to have been and how 
fast it was flowing. They were able 
to determine that those rocks were 
deposited from a stream.” 

With groundbreaking discoveries 
like this already being made, we can 
expect great things from Curiosity in 


—_ 





This was one of the first images Curiosity 
returned from Marts on 6 August 2012, showing 
the rover's shadow in the foreground and 
Mount Sharp towering in the background 
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6 August 2012 

Bradbury landing site 

Using the revolutionary sky crane mechanism, 
Curiosity successfully lands on Mars 2.4km (1.5mi) 
from the centre of its wide target area. 





| 

Pe URW Cela yas 

| Jet Propulsion Laboratory 
celebrate as Curiosity 
successfully lands on Mars 
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19 August 2012 

First laser shot 

During its first two weeks Curiosity tests several of its 
instruments, including the firing of its ChemCam laser 
for the first time on 19 August 2012 on a rock called 
Coronation (or N165). 


oN 


. Cees 29 August 2012 
Driving begins 
Curiosity begins 
its first drive on 29 
August to an area 
called Glenelg about 
400m (1,300ft) east 
of its landing site. 


the future as the team becomes more 
confident in its abilities. 

Since the rover landed, the MSL 
team at NASA's Jet Propulsion 
Laboratory in California have made 
great strides in their operations to 
make sure they get the most out of 
the mission. “We try to come up with 
better ways to do operations, so we've 
had to make changes along the way to 
make the whole operations timeline go 
faster,” said Dr Crisp. “We started out 
working on Mars time [one Martian 
day is 37 minutes longer than an 
Earth day], taking about 16 or 17 hours 
preparing the rover's commands for 
the next day, and we've gotten that 
down to 11 hours now, so we can work 
more normal hours.” 

Considering the complexity of the 
mission, it’s remarkable that things 
have gone so smoothly in the last 
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19 September 2012 
First contact 
Curiosity uses the Mars Hand 
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Particle X-Ray Spectrometer 
(APXS) to touch and study a 
rock, named Jake Matijevic, for 
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7 October 2012 
First scoop 

Curiosity collects its first 
scoop of Martian soil 

at a location known as 
Rocknest to be analysed 
by the SAM (Sample 
Analysis at Mars) and 
alee (Gata cia 

and Mineralogy) 
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27 September 2012 

is) Uc =r an Lele Mele) are 
Images of what appears to 
be an ancient streambed 

on Mars are returned by 
Curiosity. NASA confirms the 
findings several months later. 


To Mount Sharp 





8 February 2013 
First hole drilled 
Curiosity uses its drill 
at the end of its robotic 
Team elm dat -Milmcl mena 
on a patch of flat rock 
called John Klein, 
making a hole 2cm 
(O0.8in) deep. 











4 April 2013 





3 December 
2012 

Water discovered 
Evidence of water 
molecules on Mars, 
in addition to 
sulphur and chlorine, 
is discovered by 
Curiosity as it 

Dace MMM TLE 
extensive soil 
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“We needed to test things out on 
Mars before we went crazy, but 
now we're a lot more confident 
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12 months barring one mishap. “It's 
performed very well,” agreed Dr 
Crisp, “but we did have one hiccup 
where one side of the computer had 
an issue, so we had to switch to the 
other side, but overall everything has 
been functioning okay. It's a very, very 
complicated beast and it takes a lot of 
effort [for] everybody to understand 
that complexity and be able to plan 
what the rover should do each day.” 
As mentioned earlier the primary 
objective of Curiosity’s mission is 
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in the rover’ 


i. Dr Joy Crisp, MSL's deputy project scientist 


to ascend Mount Sharp and study 

the mountain's various sedimentary 
layers. However, as Curiosity’s 
projected landing site was within an 
area 19 kilometres by 7 kilometres (12 
miles by 4 miles), NASA was unsure 
where exactly the rover would land. 
Ultimately it touched down just a few 
kilometres from the centre of this area 
near a region of particular interest 
known as Glenelg. So, rather than 
rushing straight to Mount Sharp, NASA 
made the decision to explore the flat 


plain of Gale Crater first, as it will likely 
not return here in the future. 

“Looking at where we landed from 
the orbiter images we realised it would 
make sense to first go over to Glenelg 
and check out these different rocks 
that we could see before heading over 
to Mount Sharp,” explained Dr Crisp. 
But while the lifetime of the rover 
was set at a lowest estimate of two 
years, “if it's anything like Spirit and 
Opportunity this rover may last much 
longer than two Earth years,” which 


Curiosity goes quiet 

From 4 April to 1 May Curiosity operates autonomously 
on the Martian surface due to Mars being on 

the opposite side of the Sun from Earth, making 
communications difficult. 





5 June 2013 

Journey to 

Mount Sharp 

NASA announces that Curiosity is getting 
ready to begin its year-long trip from 
Glenelg to the base of Mount Sharp, a 
journey of over 8km (5mi). 


gives Curiosity plenty of time to study 
Mount Sharp. In fact, NASA recently 
extended the operational lifetime of 
the mission indefinitely, giving the 
MSL team funding to continue driving 
the rover until it stops working, which 
could be several decades from now. 
Aside from observing pebbles in 
an ancient streambed, indicative of a 
wet past on Mars, Curiosity has also 
been testing out its other instruments 
to ensure they are working normally 
ahead of some planned hardcore 
science for the rover. “We're looking 
for past environments that could 
have been suitable for life,” explained 
Dr Crisp, “and liquid water is key for 
life as we know it. So getting over to 
Yellowknife Bay [a Martian outcrop 
in the Glenelg area] and drilling into 
sedimentary rock and discovering 
abundant clay mineral, which has a lot 
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Curiosity 
In numbers 


The facts and figures about 
NASAs flagship Mars rover 
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Mass of the Curiosity rover 


An image of the Mars Science Laboratory 
descending to the Martian surface 

on 6 August 2012, taken by the Mars 
Reconnaissance Orbiter 


14 minutes 


Time it takes to send a command to Curiosity 





Number of 
scientific 
instruments 
on board 
Curiosity 


Curiosity is about 5 times 
larger than its predecessors 
Spirit and Opportunity 
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of bound water in it that can only form 
in the presence of liquid water, was a 
major find." 

Not all of Curiosity's instruments 
have returned data with such a 
high level of interest so far, though, 
but of most importance to Dr Crisp 
was ensuring that “the instruments 
were working well.” One of the 
most important instruments on 
the Curiosity rover is SAM (Sample 
Analysis at Mars), a suite of 
instruments comprising over half of 
the rover's scientific payload that can 
Scoop up soil samples and analyse 
them in an on-board laboratory. “We 
sent the SAM instrument to look for 
organic compounds,” said Dr Crisp, 
“but we knew it was going to be like 
looking for a needle in a haystack. It's 
not easy to find organic compounds 
preserved in ancient rocks even on 
Earth, so we didn't really expect to 
hit it on the first try.” SAM, however, 
will undoubtedly prove to be one of 
Curiosity's most valuable assets when 
it comes to studying the sedimentary 
deposits on Mount Sharp. 

With the first year now behind 
them, the MSL team are eager to really 
get the wheels rolling and make use of 





Curiosity as best they can. According 
to Dr Crisp, in the next 12 months 
“we will be driving a lot further than 
we've done so far, heading towards 
Mount Sharp, so we don't know what 
exactly we'll encounter or what we'll 
see from our cameras on the surface. 
We can see from orbit that we might 
want to stop a handful of times on 
our way to Mount Sharp but we don't 
want to get bogged down unless 
there's something really amazing that 
we discover on the way. So [in the 
next 12 months] we'll be doing a lot of 

















driving, and if you've seen the pictures 


of Mount Sharp with the layering it 
looks really fascinating. So I think that 
will be a magnetic pole for our team 
to psychologically want to keep going, 
because as we drive the detail of what 
we can see in those hills is going to 
get more and more interesting.” 


While Curiosity’s predecessors Spirit 


and Opportunity (of which only the 


latter is still operational) have travelled 


tens of kilometres on the surface, 
never before has a rover attempted 

to scale a mountain on Mars in the 
way Curiosity will. But, as Dr Crisp 
explains, the team believes the rover 
will have no problems making its way 


Mastcam 


to a higher altitude. “The wind should 
not be a problem,” she said, “and it'll 
be interesting for the meteorological 
instrument to measure that. The 
steepness we believe will also be okay, 
based on studying the 3D models we 
have from our orbiter data. When we 
actually get there and see the terrain 
up close our 3D models will improve 
and we may have to adjust our routes 
based on that newer data as well as 
finding out how much the rover slips 
on different kinds of rock.” 

So, with the most exciting part 
of Curiosity’s mission yet to come, 
Dr Crisp highlighted a “combination 
of new things” that will be of most 
interest to both scientists and the 
public alike in the coming year. “I'm 
hoping that we're going to see some 
new rock types and new landforms 
that tell us about other things that 
went on in the past on Mars,” she 
said. And with the public clamouring 
for more astounding science and 
incredible imagery from Curiosity, the 
rover's mission will only get better 
and better as the team becomes more 
confident in their operation of one of 
the greatest and most ambitious space 
exploration missions of all time. @ 





The main camera on Curiosity is the Mast 


Camera, or Mastcam for short. It has 
two camera systems mounted on a mast 


extending up from the rover itself to take 


high-resolution images and video. 


MAHLI 

The Mars Hand Lens Imager at 
the end of Curiosity’s arm can 
study objects of interest up 
close. This is also where the drill 
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is located to bore holes into the 
Martian surface. 


Cunlosity: one year on 





Glenelg 
Curiosity is currently 
positioned in the Glenelg 
area just a few hundred 
metres from its landing site. 
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The journey will take 
» between nine months 
and a year, depending 
on how many stops 
Dm OAC Wintel lUe(--ee lamar 
way to study interesting 
areas of local terrain. 
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Is antimatter the key to understanding more about ot a 
universe and propelling future spacecraft between the - 
stars? All About Space investigates how close we are to 








Imagine a mirror held up to the 
universe, one that reflects matter 

on the scale of particles. Just like a 
normal mirror, the image would be 
reversed. Particles like protons with 
positive charge would suddenly 

look to be negatively charged, while 
electrons that spin in quantum fashion 
one way would appear to spin the 
other way. While the universe doesn't 
really have a mirror, particles of matter 
do have mirror images of themselves, 
known as antimatter. 

“(Matter and antimatter] are equal 
and opposite, that’s the theory so 
far,” says antimatter researcher and 
spokesperson for CERN’s Antihydrogen 
Laser Physics Apparatus (ALPHA), 
Jeffrey Hangst. “The antiparticle 
equivalent - antiprotons, antineutrons 
and positrons - are just like their 
= = matter counterparts but they have 
* ie an @ an opposite charge in the case of the 

“£ charged particles and when they meet 
they annihilate.” 

So when the two clash, they do 
so explosively. Just as Einstein's 
famous equation E=mc? describes the 
equivalence of mass and energy, when 
a particle and an antiparticle come 
into contact with each other, they 
utterly annihilate in a flash - there one 
moment, gone the next - converting 
all their mass directly into energy. 

Jie COMMU AN Kw Kae Oem M er eB Um-NOLIDOr atc 
could be harnessed, we would have 
an impressive energy source on our 
hands. The trouble is, there's just not 
that much antimatter about. 

That's the major problem with 
antimatter, especially when its far 
more common counterpart - common 
matter - is found lurking everywhere. 
Antimatter can be created then 
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finding out more about this exotic matter 


Written by Gemma Lavender 


destroyed in such a short space of 
time that experts do not have much 
time to hold antimatter down long 
enough for us to question what about 
its existence makes it special. As a 
result, there are not only gaps in our 
knowledge when it comes to this shy 
matter itself, but also in our theories of 
how the cosmos came into existence. 
“The names matter and antimatter 
are a bit arbitrary,” adds Hangst. “We 
believe that if you built a universe 
out of antimatter it would behave in 
the same way, so we don't know why 
nature chose one over the other.” 

Without a doubt, the Big Bang is 
a widely supported theory and it 
tells us that matter and antimatter 
should have been created equally 
at the beginning of time around 
13.8 billion years ago. They should 
have annihilated each other leaving 
nothing behind, but we exist today 
in a universe with plentiful matter 
and scarcely a drop of antimatter. 
Thanks to our natural curiosity for 
exploring things and taking things 
apart to reveal the fundamental 
building blocks of matter, one thing 
remains unclear; what happened to the 
antimatter that once existed? 

“(The study of antimatter] is 

motivated by the fact that we 
believe that matter and antimatter 
should have been produced in equal 
quantities at the [time of the] Big 
Bang and as far as we can observe 
so far the universe just contains 
matter, so we don't really know what 
happened,” explains Hangst. “None 
of the theories that we have, or the 
so-called standard model [of particle 
physics] tell us what happened to the 
antimatter. That's one of the biggest 


oy 


Antimatter 


unsolved questions in physics - why is 
there a universe at all?” 

While the Big Bang is an 
extraordinarily successful theory, 
as it currently stands, we shouldn't 
exist since the matter from which 
we are built from should have been 
annihilated away. The University of 
California's Professor Joel Fajans, who 
has recently enlisted the help of the 
ALPHA experiment to investigate if 
antimatter and matter are affected 
differently by gravity, echoes Hangst'’s 
and other scientists’ thoughts that 
maybe there has been an error in 
our understanding of how much 
matter and antimatter was produced 
when the universe began. “I wish I 
knew why the amounts produced 
are not equal,” he tells All About 
Space. “Understanding antimatter is 
important to our very existence.” 

And so, that's what experts have 
been trying to do ever since antimatter 
was first proposed by physicist Paul 
Dirac in 1931; study the ying to matter's 
yang in the hope of locking down 
something substantial, providing the 
answers to the mysteries of space 
that have eluded us for so long. A 
year after Dirac's proposition the 
first antiparticle - the positron - was 
discovered, followed by the antiproton 
and antineutron two decades later. 

But in our attempts to delve into 
ways of pinning down antimatter, 
scientists have hit a few snags. 
Creating it artificially is one thing, 
but making enough of it and keeping 
it within our grasp for long enough 
is quite another. “First you have to 
produce [antimatter], it can't exist 
naturally [in significant quantities] in 
a Matter universe so there are lots of 
very difficult technologies that you 
have to master to produce it and then 


to hold on to it,” explains Hangst. “It 
needs to be held in a vacuum, a very, 
very good vacuum.” 

While the likes of Hangst and other 
scientists all over the world have 
been trying to get this down to a tee, 
Hangst insists that we still have much 
to figure out. “We are still learning how 
to efficiently produce it and handle 
it in a matter universe and even if 
you master these techniques, you are 
typically dealing with small quantities. 
It is not like you can buy a bottle of 
antihydrogen and make it [many] 
atoms at a time, so even after all that 
technology you are still left with very 
little of the substance." 

CERN has been able to produce 
thousands of atoms of the simplest 
antiatom, antihydrogen, at a time, 
yet capturing it has proven to be 
problematic. “We've only managed 
to trap one atom at a time,” explains 
Hangst. “We are really talking 
about a very, very rare substance.” 
Nevertheless, ALPHA has been able 
to trap some antiatoms for as long as 
1,000 seconds - holding them still long 
enough for scientists to study them 
before they annihilate. 

As a result of the painstaking 
methods used to make antiatoms, 
antimatter is deemed to be the 
most expensive material to produce 
with NASA suggesting that it would 
cost around $62.5 trillion (£41 
trillion) to produce just one gram of 
antihydrogen. To date, only a few tens 
of nanograms have been created at 
particle accelerators like the Large 
Hadron Collider at CERN. 

That’s why as things stand 
antimatter is never going to bea 
power source of the future; there's just 
not enough of it to do anything with. 
“Tt takes more energy to make it than 


“We are still learning how 
to efficiently produce it and 


handle it in a matter universe” 


Jeffrey Hangst, CERN 
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Mounted on the International 

Space Station, the Alpha Magnetic 
Spectrometer (AMS), or AMS-O2, 
studies cosmic rays - beams of high- 
energy particles that permeate space - 
before they have a chance to interact 
with the Earth's atmosphere. Cosmic 
rays, which are believed to originate 
from beyond the confines of the Solar 


System, carry an excess of antimatter 
that has been detected by this 
sensitive particle physics experiment. 
OM avtMUDe OK UrlMco.Cecccw he m-Delenenr akc 

or positrons, could help us to find 
evidence for the elusive dark matter 
- one of space’s biggest mysteries - 
that is believed to account for a huge 
chunk of the universe's mass. 


Here the AMS-O2 is inside the Maxwell electromagnetic radiation chamber at the 
European Space Research and Technology Centre (ESTEC) for electromagnetic 
capability and interference testing prior to launch 


Da 


Reaching a sensitivity that allows the instrument to test a greater volume of the 
universe than its predecessor for primordial antimatter, the AMS will study the 
composition of cosmic rays with a high accuracy for a decade from the ISS 


A history of hunting for antimatter 




















@ 1931 ® 1932 ® 1955 1956 
Existence of antimatter Scientists discover positron The discovery of the | Scientists 
predicted During his investigation of cosmic antiproton Fm A | discover the 
Theoretical physicist Paul rays, Carl Anderson from the California Confirmed at the University —)\' = antineutron 
Dirac pointed out that the Institute of Technology came across of California, Berkeley, Emilio ii <= Discovered 


at the Lawrence Berkeley National 
Laboratory, the antineutron was 
uncovered by physicist Bruce Cork in 
a proton-proton collision experiment. 


unexpected particle tracks in his cloud 
chamber that seemed to have the same 
mass as the electron but an opposite, 
positive charge; the positron. 


Segre and Owen Chamberlain 
were awarded the 1959 Nobel 
Prize in Physics for their 
discovery of the antiproton. 


Schrodinger wave equation for 
_ electrons, when considered in 
_ its relativistic form, suggested 
the existence of antielectrons. 
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Antimatter 





Inside 
Silicon Tracker 
the AMS Hunting for matter and antimatter, this tracker is able 


to separate the two by determining the charge of the 
particle entering the AMS by measuring the deflection Transition Radiation 


of the matter and antimatter. Detector (TRD) 


Identifying electrons 
(matter) and positrons 
(antimatter) through the 
detection of X-rays thrown 
out by light particles, the 
TRD is one of the few 
detectors that can tell 

the difference between 
particles at high energies. 















Electronics 


Signals detected NT 
AU ee pe Wea te 
many particle . 4 Coincidence 
detectors are | } | Counter (ACC) 
converted into af Spitting out a good eight 


digital by the 
(fel dco) (om alan 
Few TAINAT=\e mo) 
computers. 


out of ten particles that 
pass through it, the ACC, 
in the vacuum case, only 
holds on to particles 
that it deems useful for 
physics analysis. 





Time-of-Flight System (ToF) 
Acting as a stopwatch for the AMS, 
the ToF is able to measure the time it 


takes for a particle to pass through. aS 
The velocity of the particle can be : ; a the ee 
measured up to an accuracy of 98% a nae (Ug oY i 
the speed of light. It also warns the Detector (RICH) wae Lede 
sub-detectors of incoming cosmic rays. The velocity of a charged particle is separate matter eo 
orca are MiKOUM URONIC saare Seal el ul 
- radiation which can travel faster A el AUC 
WEIR eee A MEM at ell els particles in an opposite 
material that produces a blue cone of Tole CLE ay 
light which is detected by RICH. SAUCE RU 


opposite charges. 


@ 1965 ® 1995 ® 2010 ® 2013 
Antideuteron created = CERN scientists Atoms of antihydrogen Scientists study 


in laboratory = observe trapped at CERN antigravity for first time 
The antiparticle of a nucleus of ES antihydrogen The Antihydrogen Laser Physics Apparatus Scientists uncovered the first 


deuterium, antideuteron, was See §$Antihydrogen (ALPHA) team at CERN produced and direct evidence of how antimatter 


originally created at the Proton was made artificially in accelerator managed to confine cold antihydrogen interacts with gravity. However, 
Synchrotron at CERN as well as at the experiments. However, the subsequent for about a sixth of a second, marking the while it is undecided if antigravity 
Alternating Gradient Synchrotron at annihilation with matter meant that it technique that would see antihydrogen truly exists, measuring antimatter 
Brookhaven National Laboratory. could not be examined in detail. maintained for over 15 minutes. gravity is proven to be possible. 
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Dark matter unlikely source 
These results suggest to experts that 
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The shape of the antimatter found at 
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shaped, according to data from ESA's 
INTEGRAL (INTErnational Gamma-Ray 
Astrophysics Laboratory) satellite. 


antimatter 

@ 

important? 
To understand our existence 
“The Big Bang should have 

produced as much antimatter as 

matter and then it should have 

all mutually annihilated, leaving 

nothing,” says Professor Joel Fajans. 

“Yet we are here, and we've observed 

almost no antimatter. It’s the 


biggest outstanding problem in our 
understanding of the early universe.” 





It could be used as fuel 
Spacecraft might one day 
be powered by the annihilation 
of matter with antimatter. NASA 
believes that the amount of 
antimatter required to supply power 
for an engine for a one-year trip to 
Mars could be a millionth of a gram, 
providing huge thrust while being a 
very efficient form of propulsion. 


For medical purposes 

“Practical applications of 
antimatter are mostly in Positron 
Emission Tomography, which is 
revolutionising many medical 
fields,” says Fajans. With physicians 
using beams of electrons, protons, 
neutrons or photons as well as 
chemotherapy, could a beam of 
antimatter eliminate cancer cells? 


Possible interstellar travel 

Using antimatter to voyage 
between the stars is currently not 
possible. “Making macroscopic 
quantities of antimatter would 
require all of the Earth's energy 
production for thousands of years,” 
says Fajans. However, if we could 
create enough antimatter, we could 
propel starships through the cosmos. 


Using antimatter to probe 

dark matter 
Cosmic rays emanating from the 
outer reaches of the universe carry 
an excess of antimatter thought to 
be directly related to the extremely 
elusive dark matter. It is believed 
that the high amount of positrons 
is a result of when two particles of 
dark matter collide and annihilate. 
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likely to come from the annihilation or 


decay of dark matter. 


Energy of 10,000 Suns | 


At around 10,000 light years across, the 


cloud generates energy equivalent to 
around 10,000 Suns, shining brightly in 
gamma rays due to the annihilation of 
Mar] a=) maladie 


The ESA's INTEGRAL 
discovered a lopsided 
cloud of antimatter at the 
eacRe mee VN eae, 


you would get back, so that’s a loser 

- that's not what you want from an 
energy source,” states Hangst. “If some 
antimatter flew by and you could get 
a hold of it, that would be an energy 
source, but as far as producing it on 
Earth, that’s just not even close.” 

Sadly, that means we may have 
to forget about antimatter-powered 
starships, for the moment at least. 
However, particle accelerators are not 
the only places where we can find 
antimatter. In 2011, 160 nanograms of 
antiprotons were discovered trapped 
in the Van Allen radiation belts above 
Earth, with similar amounts expected 
to exist in the magnetically organised 
radiation belts of other planets, 
including up to 260 nanograms 
around Saturn. Yet this is still a very 
tiny amount - add it all up and it still 
doesn't even come to a gram. 

In the same year, astronomers 
announced that the Fermi Space 
Telescope, which observes the 
universe in gamma rays, had detected 
antimatter not coming from space, 
but streaming into space from above 
thunderstorms in Earth's atmosphere. 
Fermi detected high-energy gamma 
rays at just the right energy to indicate 
they were created when an antimatter 
particle annihilated a matter particle. 

“Thunderstorm electric fields 
accelerate electrons to high energies,” 
explains Professor Joseph Dwyer of 


A continuing mystery |» 
How can this amount of antimatter, 
or positrons, be made by binary 
stars? Have the black holes somehow 
launched particle jets? This mysterious 
cloud must be studied further if we are 
to understand it. 


| - Signpost for 
antimatter? 

The cloud'’s shape suggests 
a Clue for the origin of 

Jalan aks) em reels [area nal 
distribution of a population 
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contains black holes or 
neutron stars. Could they be 
churning out the antimatter? 





“Understanding antimatter 
is important to our very 


existence’ 


the Florida Institute of Technology. 
“These electrons make gamma rays, 
which then pair-produce electrons 
and positrons, which are the 
antimatter version of the electron. 
The positrons may play an important 
role in the electrical properties of 
thunderstorms - it has been quite 
surprising how common positron 
production is in our atmosphere 
and how the positrons can actually 
be important for understanding 
thunderstorms and lightning.” 
Fermi was actually expecting 
to see gamma rays from matter- 


antimatter annihilation near the centre 


of the galaxy, as was its European 
counterpart, the INTErnational 
Gamma-Ray Astrophysics Laboratory 
(INTEGRAL), which discovered a 
lopsided cloud of positrons in the 
galactic centre where annihilation is 
taking place and producing gamma 
rays with energies of around 511,000 
electronvolts. Meanwhile the state-of- 
the-art Alpha Magnetic Spectrometer 
(AMS) on board the International 
Space Station is searching for 
antimatter in cosmic rays. 


So it seems we are really starting to 
make headway in our quest to solve 
the mysteries of matter and antimatter 
and ultimately the grand mystery of 
why the matter-dominated universe as 
we know it exists at all. 

“There's lots going on,” says Hangst. 
“It's a very interesting time to be 
working in this field because we are 
getting more and more capabilities. At 
CERN we are studying antimatter to 
see if it behaves in the same way as 
matter, that’s a long-term project. We're 
also looking for matter/antimatter 
asymmetry - does antimatter 
somehow behave different to what the 
laws of physics describe for matter? 
We'd like to study the spectrum of 
antihydrogen and compare that with 
What we have measured in hydrogen, 
or look at how antimatter behaves in a 
gravitational field. So those are the two 
big things: is antihydrogen quantum 
mechanically the same as hydrogen 
and does it fall up or down in gravity?" 

The answers might unlock the 
secrets of the expanding universe and 
we could be extremely close to doing 
just that. @ 
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Antimatter 


- Magnetic nozzles 
ai Powerful magnetic fields 
1 direct charged particles 
produced in the annihilation 
process out of the back 
of the starship to produce 
forward thrust. 


Antimatter creation 
Starship designs such as 
Icarus Interstellar's VARIES 
MP a nee p= a th an (Vacuum to Antimatter- 
ak ee AA 5 | | ocket Interstellar Explorer 
—— —_—-." ' | = proposes high- 
wered lasers to stimulate 
pair production of protons 
antiprotons. 


* Solar panels 
Giant solar panels of 45 
square km (17 square_mi) 
would gather enough 
energy to power the lasers 


to produce the antimatter. 


Antimatter containmeat  ~ oe 
Trapping the antiparticles, 
possibly as clouds of gas using 
electric and magnetic fields 
prior to their annihilation with 
matter to create energy, is 
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Instruments and crew 
quarters should reside as far 
away from the antimatter 


a engine and storage tanks as 
" possible to further reduce 
the effects of radiation. 
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Antimatter 


Scientists have spent billions 
building colliders that make a 

few micrograms of antimatter, yet 
you've found it around the Earth. 
How does it get there? 

Antimatter forms when atomic 
particles travelling near the speed 

of light collide with one another 

and convert their energy of motion 
into matter. If they are travelling 

fast enough, a process called pair 
production creates a regular particle 
and its antiparticle by converting 

the kinetic energy of motion into 
mass. Outside of particle colliders, 
ida Cconewe PRB Kolo) roc mO)nm Or Vad MValcIKS 
there is enough energy to create 
antimatter. The Earth is constantly 
being bombarded by high energy 
cosmic rays which are formed outside 
the Solar System. When these cosmic 
rays strike our atmosphere, their 
energy of motion can be converted 
into antimatter. Most of it gets lost in 
the atmosphere, but a small fraction 
bounces back into space and gets 
caught in the Earth’s magnetic field. 


Is there enough antimatter to do 
anything with? 

The amount of antimatter trapped 
around Earth is comparable to the 


amount of material in a speck of dust. 


This may sound like an incredibly 


eye) 
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has unique properties which can 
make this useful for a number of 
applications. In particular, when 
matter and antimatter come into 
contact, they annihilate and their 
mass is converted into energy. 
Proposed applications include medical 
treatments, non-destructive material 
testing, fundamental physics and, of 
course, spacecraft propulsion. It would 
take hundreds of kilograms to propel 
a spacecraft to another star if used 
like a traditional rocket fuel. 


Can we collect the antimatter? 

The challenge has always been how 
to collect enough antimatter and 
then store it for use since it is spread 
so diffusely in space and it will 
annihilate when it comes into contact 
with ordinary matter. As part of my 
NASA Institute for Advance Concepts 
(NIAC) programme, we looked at 

how you could use large magnetic 
fields around spacecraft to funnel and 
collect the antimatter in space. The 
magnetic field can then be used to 
store what is collected until it is ready 


“We found that Saturn was the best 


Ro Neyer Seles eTCROMiTreB sy (olCeKe) Draper Laboratory, 
| % Massachusetts, who found a belt of antimatter naturally occurring 
around Earth in one of our planet's Van Allen radiation belts 


amount of energy, which also means 


for use. The spacecraft could basically 
mine the antimatter from space and 
then use it to propel itself. 


Do you think antimatter can be 
found around other planets? 

The amount of antimatter around 
Earth is minuscule. However, there 

is significantly more in other parts 

of the Solar System. During the 

NIAC study, we evaluated each of 

the planets and found that Saturn 
was the best place for antimatter to 
collect. I originally assumed that the 
biggest planet, Jupiter, would have 
the most. However, Jupiter's magnetic 
field was too strong and it reduced 
the flux of cosmic rays from striking 
the atmosphere. The rings of Saturn, 
however, have just the right geometry 
and composition to create antiprotons, 
and the magnetic field works to trap it 
where it can then be collected. 


Why is antimatter only in very 
short supply? 

The unique properties of antimatter 
are what make it so difficult to create 
and store. It contains an incredible 





he Van Allen belts, discovered in 1958, are two 
a areas of radiation Oe the Earth 


that it takes an exorbitant amount 
of energy to create. It would take 
years of electrical output from a 
large nuclear power plant to create 
the energy contained in a kilogram 
of antimatter. Once you solve the 


production issue, you're left with the 


problem of how to store a material 
that will annihilate when it comes 
into contact with the walls of its 
container. When you calculate how 
inefficient it is to create and store, it 
becomes clear that it is impractical, 
if not impossible, to have large 
quantities of antimatter around. 


Can studying antimatter help us 
to understand new things about 
the universe? 

Research in this area is part of 

a broader framework that could 
help fundamental science and our 
understanding of the universe. 
Antimatter plays a central role in 
some of the Holy Grail problems of 
physics, such as the nature of dark 
matter and why matter dominates 
over antimatter. 


the Solar System for antimatter to collect” 
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Space Shuttle Ir has been designed for a rich multimedia 
experience on the iPad. Your senses of sight, touch and sound will 
let you explore the wonderful world of the Space Shuttle. 


With over 750 stunning 
photographs, almost three 
hours of video and 


animations, plus numerous Wha | | 
interactive presentations, space Shuttle’ 


discover how the magical 
iPad makes learning an 
enjoyable and fun experience. 





J 


“| couldn’t put my iPad down. 
It was fun and | learned all 
about the Space Shuttle. My 
whole family loved it. | think 
you will too!” JDV 


“I highly recommend Space 
Shuttle Interactive. In my 
opinion it’s a bestseller!” BL 
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# Available on the # Download on the 


@ iBookstore | @ iBookstore 











For digital iPad subscribers Tap on the download icon (above right) 
to begin your magical experience. For print editions go to the 
iBookstore on your iPad and type “Space Shuttle Interactive” in the 
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polluted jo eleomiemants a 


ati you Otis that choking carbon emissions were a 
problem specific to the more industrial areas of modern- _* 


this image, taken from NASA's GLIMPSE360 (Galactic © » 

Legacy Infrared Mid-Plane Survey Extraordinaire) 

survey, is caused by a giant cloud of polycyclic aromatic 

hydrocarbons (PAHs). These hydrogen and carbon a) 
‘compounds are more commonly found’on Earth in the * 


Here, they've been coloured green so that their glow can 
be more éasily observed by scientists in inffared lig The 
image is a composite of data taken from oats Two-Micron * 
All-Sky Survey (2MASS) and Spitzer, Whose liquid helium 
coolant,ran dry in May 2009, at which point it started its 
A ELereMrl OMIM BU CMAIMOR one tiali tee lelicliceMeCarctaro a 
PTS ENAS operating at 3.6 and 4.5 microns. ‘ ay . 
Wedel Recsele Ce a(demey mee m ree Xe e] O/C OM Bot recto) 
around 3,000: Little Coup econo Taa rem e aL. constellation .*. 
, Camelopardalis, aOcMert eNom MMe co- lem remsetcmp) om i 5 
eer are thought to be caused by. ae magnetic ate 
STenecotaCeltelmds(= star, lining tol cin grains in the cloud eed 
into more orderly lanes. - 2 ee 
This kirid of gas is produced by the new, massive stars * 
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Right now, companies would be capable of taking a spacecraft 
around the world are beyond low Earth orbit and to the 
building a new breed of Moon. Smaller rockets, like those used 
super launcher that will to launch the Mercury and Gemini 
have the capability to missions, simply didn't have the 
take bigger payloads in muscle. The Apollo missions required 
greater numbers beyond more fuel and a bigger payload, 
low Earth orbit (LEO) than —_ including a lunar lander, command 
ever before. module and return capsule, that those 
Known as heavy-lift rockets, earlier rockets simply couldn't handle. 
these behemoths are essential if The only way to get this amount of 
we are to continue our unmanned equipment to the Moon was to launch 
exploration of the Solar System as well it in one go atop a rocket taller than a 
as taking humans to new destinations. 36-storey building, the Saturn V. 
But there's a reason the last such With 13 successful launches under 
vehicle, the Saturn V, was retired over its belt, the Americans conquered the 
AO years ago; these massive launchers logistics of heavy-lift launchers with 
are not only expensive but complicated — the Saturn V. Over in the Soviet Union, 
and a huge engineering challenge, too. however, things did not go quite as 
Now, however, it’s time to take up the smoothly. Around the same time the 
mantle again as we re-evaluate our Saturn V was being built the Soviets 
missions into the cosmos. were designing a comparable mega 
The Saturn V was a technological rocket of their own known as the NI. 
marvel; never before had such a huge The comparison between the N1 and 
undertaking been attempted. With Saturn V shows just how difficult it is 
Kennedy's mandate set in 1961 to land to build a rocket of this sort, and how 
Americans on the Moon by 1969, NASA challenging it can be to get one flying. 
was in need of a giant rocket that When designing the Saturn V, NASA 
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gas generator that 
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NASA's SLS took 
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decided to go with a first stage that 
used five engines to provide the 
necessary thrust to reach orbit. The 
Soviets, on the other hand, went 

with a much more complex first- 
stage design. The N1 rocket, although 
similar in size to the Saturn V, had 

30 separate hi-tech engines, and 

this complicated arrangement would 
prove detrimental. After four failed 
launch attempts, the N1 was retired. It 
highlighted just how difficult it was to 
build a rocket of this magnitude, and 
further cemented the Saturn V as an 
engineering masterpiece. 

So now, with a variety of new 
super launchers being built around 
the world, the lessons learned from 
history, both the good and the bad, 
must be adhered to. Progress has been 
slow and steady, but in the coming 
years we'll be seeing new concepts 
and developments, and even some 
flights, as mega rockets once again 
become one of the major ways to 
access space. But just why are these 
heavy-lift rockets so important? 

"In our studies we've found that 
[heavy-lift rockets] provide us with 
a capability for multiple deep space 
exploration missions,” says Michael 
Wood, chief engineer at Boeing, the 
company contracted to build the 
core stage and upper stage of NASA's 
huge Space Launch System (SLS). 
“Overall they are the fastest and most 
economical approach to put crewed 
habitats and science payloads in 
destinations we want with a flexible 
capability almost independent of 
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the destination location. They are 
designed for that very specific purpose 
of deep space exploration where other 
rockets are not.” 

There are several mega rockets 
currently in development. These 
include NASA's Space Launch System 
(SLS), SpaceX’s Falcon Heavy and 
Russia's Angara 7, all of which we've 
taken a closer look at in this feature. 
However, other global space agencies 
also have their own tentative plans 
to build rockets of this sort, such as 
China's Long March 5. For any nation 
or agency to undertake deep space 
missions, they'll need a mega rocket to 
launch any accompanying spacecraft. 

Rockets use a form of propellant, 
either solid or liquid, to take off against 
the Earth's gravity and get into space. 
Rockets that are placing a payload 
into orbit around the Earth need to 
move fast enough sideways so that the 
payload is constantly falling towards 
our planet and therefore encircles 
it - an orbit. To escape Earth's gravity, 
however, a rocket must accelerate a 
payload beyond the escape velocity 
of Earth. To conquer the Earth's 
gravitational pull you need to travel 
about 40,000 kilometres per hour 
(25,000 miles per hour). This enables 
you to travel into deep space. 

The larger a rocket, the bigger the 
payload that can be taken into space 
and the more fuel it can carry. But on 
a specific rocket, an increase in the 
size of a payload decreases the amount 
of fuel it can take. Therefore, for some 
deep space missions, like NASA‘s 
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“Heavy-lift rockets provide 


us with a capability for deep 
Space exploration missions 


JUNO spacecraft that is currently 

on its way to Jupiter, they must rely 

on innovative power and propulsion 
methods in order to carry a large 
amount of scientific equipment. JUNO, 
for example, is almost entirely solar 
powered and is designed to make very 
slow progress towards Jupiter as it is 
not carrying much fuel - it launched in 


The Falcon 9 rocket, seen here 
behind SpaceX CEO Elon Musk, is 
the cornerstone on which the Falcon 
Heavy is being built 


August 2011, and will not arrive at the 
planet until August 2016, using a boost 
from an Earth flyby in October 2013 to 
give it the speed to reach the gas giant. 
A bigger rocket enables such a payload 
to take more fuel, and therefore lowers 
the travel time to deep space locations. 
When building rockets it can be 
useful to copy some of the designs 
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and is used when the rocket reaches space 
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et motor for the 
SLS is seen here ahead of a planned test in late 2013 


The centre aft segment of a solid rock 
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Here NASA engineers work on an adaptor for the Orion 
spacecraft designed for use on the SLS rocket 
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The J-2X engine will power the upper stage of the SLS 











The Space Launch System (SLS) is the next step in 
NASA's space exploration programme. The retirement 
of the Space Shuttle in July 2011 has left America 
without a means to take their own astronauts to 
orbit for the first time since 1981, but such a step was 
necessary in order to transition from missions into 
low Earth orbit (LEO) to deep space missions. 

LEO is being left to the realm of private space 
companies, with NASA now focusing its exploration 
efforts almost solely on deep space. The SLS is 
the rocket that will enable humans to reach new 
destinations such as an asteroid and Mars. 

Since its announcement the SLS has received 
some harsh criticism, with some nicknaming it the 
‘Senate Launch System’, a reference to Congress 
dictating that NASA build a rocket it didn’t want. 
This makes little sense, however. 

A giant heavy-lift rocket like the SLS is a necessity 
for NASA to carry out its goal of taking humans 
beyond Earth orbit as other heavy-lift rockets, such 
as SpaceX’s Falcon Heavy, simply don’t have the 
muscle for some of NASA's proposed missions. 

The rocket is scheduled for its first flight in late 
2017 in what is known as the Block 1 configuration. 
This rocket will tower 98 metres (321 feet) high, 
taller than London's Big Ben, and will have the 
ability to take 70 metric tons to orbit, the equivalent 
of 12 elephants. With this rocket, NASA will be 
able to take astronauts on its Orion spacecraft to its 
stated goal of visiting an asteroid for the first time in 
human history. 

But construction of the SLS doesn't stop there. 
The SLS is designed to be able to evolve as and 
when required into a larger rocket. Once Block 1 
is complete, NASA will begin construction on the 
bigger Block 2. This rocket will stand 117 metres 384 
feet) tall and will be able to take 130 metric tons into 
orbit, equivalent to nine school buses. This version 
of the rocket is not set to fly until the 2030s, but it 
will be essential in a manned mission to Mars. 

Where next? Well, NASA has some future plans 
for this rocket that it’s keeping under wraps for now, 
but the SLS chief engineer Garry Lyles told us that 
“some of those plans go well beyond 130 tons.” Such 
plans could include the building of a space station 
in lunar orbit, the transportation of a small human 
colony to Mars or even missions beyond the Red 
Planet. While we'll have to wait to see what exciting 
proposals NASA has up its sleeve, one thing is for 
sure: without the SLS the expansion of the human 
race beyond Earth orbit wouldn't be possible. @ 
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Launch abort 
The top of the 
crewed SLS 
rocket will have a 
traditional launch 
abort booster 
system to carry 
astronauts to 
Safety in case of 
FIOM) L= 8A 
during ascent. 





Payload — 
The primary cargo 
of the crewed SLS 
will be the Orion 
spacecraft, which 
VV ol=ey=10 1 me) a= ]a) 
unmanned trip 
around the Moon by 
SLS in late 2017. 


Core stage — 
The core stage of the 
SLS is being built by 
Boeing, using heritage 
hardware from the 
Space Shuttle for its 
construction. 














Solid rocket 
boosters 
The SRBs are 
discarded on the 
way to orbit and 
burn five tons 
of propellant 
every second 
to provide 
additional thrust 
to the SLS. 


Weight | 
atta el NY 
fuelled and 
loaded the 
SLS weighs 

2.5 million kg 
(5.5 million 

Ib), equivalent 
to more than 
seven fully 
loaded 747 jets. 
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Payload 


The Falcon Heavy can take a payload 
weighing 53,000kg (117,000Ib) into 
low Earth orbit, almost twice the 
lifting capability the Space Shuttle had. 


_ Upper stage 
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The upper stage of the 
Falcon Heavy has one. 
Merlin 1D engine that 
can be used to place 
multiple payloads in 
different orbits. 


Core stage 

The central core 
stage throttles up 
once the side cores 
have separated and 


_ Carries the upper 


stage and payload the 
rest of the way 
to orbit. 


_ First stage 
The two cores 
on the sides 
of the rocket 
separate about 
Wal RereM ana eles 
Flite elena 
as the rocket 
makes its way 
into orbit. 


Engines 
At the bottom 
of each of the 
Falcon Heavy's 
cores sit nine 
Merlin 1D 
engines, which 
Fe] emda om ald | alec) 
aUlak=la aN me Ly=re| 
on SpaceX's 
Falcon 9 
rocket. 


_ Thrust 

The engines, 
all of which 
are liquid- 

__ fuelled, can 

meen le 1c 
over 1.7 

~ million kg 

~ (3.8 million 

Ib) of thrust, 

aa enn 
equivalent to 

fee oY A=) 0e- | 
full power. 





The Falcon Heavy is 
essentially three Falcon 9 
rockets strapped together _ 


Falcon Heavy _ 2 


The Falcon Heavy is American company SpaceX’s 
answer to the heavy-lift conundrum. It currently 
has a rocket in use called the Falcon 9, which is 
responsible for taking the Dragon cargo spacecraft to 
the ISS, but this bigger rocket will enable SpaceX to 
take larger payloads into orbit and beyond. 

CEO Elon Musk outlined the need for a rocket 
of this size back in 2011. Some have suggested that 
NASA should use the Falcon Heavy for deep space 
missions rather than building the SLS, but ultimately 
the Falcon Heavy will have just half the lifting power 
of the later SLS, and therefore is not a viable option 
for some of NASA's mission proposals that require a 
single large launch. 





That being said, the Falcon Heavy is still an 
incredibly impressive vehicle, especially considering 
that SpaceX has barely a decade of experience in the 
space launch business. The Falcon Heavy will be able 
to take 53,000 kilograms (117,000 pounds) to low 
Earth orbit and, with its first launch due in the next 
two years, it will be the largest rocket in operation 
until the SLS'’s first flight in late 2017. 

The Falcon Heavy will be the cornerstone of 
SpaceX’s goal to bring the cost of going to space 
down. It is estimated that the rocket will cost in the 
region of $100m (£66m) per launch, bringing the cost 
of launching a spacecraft down to tens of millions of 
dollars as opposed to hundreds. @ 


“The Falcon Heavy is an incredibly 
impressive vehicle, sbitirtieare a 
considering that SpaceX has barely 
a decade of experience in the space 
launch business” 
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that have previously been successful. 
NASA’s SLS, for example, will use 
hardware utilised by the Space Shuttle, 
Saturn V and Ares (cancelled in 2010). 
Similarly, SpaceX is using its Falcon 9 
rocket as a base from which to build 
its Falcon Heavy. Essentially, the 
Falcon Heavy is three Falcon 9 rockets 
strapped together and, as the latter has 
been successful, it is hoped the former 
will not encounter too many problems. 
The Falcon Heavy, when it comes 
into operation (which is expected to be 
some time in 2014), will be the largest 
rocket currently in operation. “Falcon 
Heavy will carry more payload to orbit 
or escape velocity than any vehicle in 
history, apart from the Saturn V Moon 
rocket,” SpaceX CEO Elon Musk stated 
in a press conference in April 2011. 
SpaceX has been vocal in its ultimate 
goal of not only reducing the cost of 
going to space, but taking humans to 


The European Space Agency held a meeting in late 2012 to 
(oh Telb Ro acy oles llamo) i building anew European super 
ele amp ame aU VaR ore mela h F 7 





deep space destinations as well. With 
the Falcon Heavy it will ultimately be 
able to achieve its goals. 

But the Falcon Heavy will only 
carry the mantle of the biggest rocket 
until NASA's SLS launches in 2017. 


"This is the largest rocket ever, not 
just that we've developed but that 
the world has developed,” says Wood. 
‘It's got about 8.4 million pounds [3.8 
million kilograms] of thrust, and with 
a horsepower of 13,000 locomotives 


you get an idea of the power we're 
talking about. The SLS is the biggest 
rocket by far. It’s got capability to lift 
154,000 pounds [70,000 kilograms] to 
orbit, equivalent of about 12 elephants, 
and we've never done anything on this 


) SLS chief engineer 
DS Garry Lyles 


_ We spoke to the chief engineer on NASA's new heavy-lift 
rocket about how development is progressing 








What is your role as chief engineer? 
My job is to manage the design of SLS 
from a technical point of view, so day- 
to-day I make decisions on any design 
changes that need to be made to the 
launch vehicle. At the end of July we'll 
hold a review board and basically 
make a decision as to whether we're 
ready to proceed on to Critical Design 
Review in about 18 months or so. 


Is everything on track for the first 
scheduled flight in December 2017? 
Yes, aS a matter of fact we do still hold 
a little schedule margin, and we expect 
to fly towards the end of 2017. There's 
nothing right now in the design or 
What we've seen in the reviews that’s 
[been a problem]. Everything is on 
track, and the design is falling together 
really well so far. 


What are the major difficulties in 
building a rocket of this size? 

Most rocket designers would probably 
tell you the biggest problem is 
propulsion, as the most complex 
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part of a rocket in general are the 
engines and boosters. In our case, 
since we have heritage engines and 
boosters, the most complicated part 
is integrating those parts together to 
make a vehicle that will fly. 


Why are heavy-lift rockets 

so important? 

The further away [from Earth] you 
want to go, the bigger the rocket has to 
be. That's primarily because you have 
to carry large amounts of propellant 
for the portion of the mission in space. 
One mission we're looking at now is 
capturing an asteroid and bringing it 
back to lunar orbit. The Moon is 1,000 
times further than the ISS, so it takes 
quite a bit of additional propellant to 
get there. And if we want to go even 
further, to rendezvous with an asteroid 
or go to Mars, for example, you need a 


lot of propellant. The more propellant 
you need, the bigger the launch vehicle 
has to be. 


Is SLS imperative for manned deep 
space missions? 

Since SLS is human rated, one of its 
primary missions is human spaceflight 
beyond LEO. Humans are needy 
things; they require lots of room, 
environmental control, radiation 
protection, water and all these things. 
So crewed missions need [a lot of 
cargo] and, plus, you want to get them 
[to their destination] as quickly as 
possible. To get them there quickly you 
need a large stage and you will carry a 
lot of propellant with you to burn and 
get the crew there as fast as you can. 


How long will the SLS be in service? 
As long as we need it to be. The one 


thing that we have planned into this 
vehicle is an evolution of capability. So, 
while in 2017 we'll fly a vehicle [Orion] 
with 70 tons of payload capability, we 
have multiple options that can evolve 
that vehicle into 105 tons, and finally 
to greater than 130 tons. 


Is this the biggest rocket 

currently needed? 

I think with the capability that we 
have the Space Launch System is the 
biggest rocket that you would want 

to build. Eventually, though, we have 
plans that go well beyond 130 tons. 
Things like liquid boosters, which 
would provide some of the same kind 
of capability that the Saturn V had 
except strapped on to the side of the 
SLS, may provide as much as 150 tons 
of capability. I think it will be what we 
need for a very long time. 


“Since SLS is human rated, one of its primary 


missions is human spaceflight beyond LEO’ 
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scale. It’s designed to have capability 
to power humans and habitats and 
Space systems beyond our Moon 
and into deep space, so it’s quite a 
capability that we are developing for 
humankind.” Many people, however, 
wonder why it has taken such a long 
time to regain this capability since 
Saturn V was retired in 1973. By the 
time the SLS flies it will be almost 45 
years since the last Saturn V launch, 
and it won't evolve into a capability 
bigger than the Saturn V until the 
2030s. As Michael Wood explains, 
though, our manned missions into 
Earth orbit for the last three decades 
have been vital in our understanding 


of manned exploration, and will enable 


us to carry out these new missions 
into the unknown. 

“As I see the space exploration 
history and how we've proceeded, we 
have purposefully decided to look at 
deep space exploration in methodical 
means, meaning that people needed 
to learn to live and operate and build 
in space,” says Wood. “So coming out 
of the Saturn Apollo missions, NASA 
went for a means of low Earth orbit 
transportation [the Space Shuttle] 
to build a long-term habitat which 
was known as the International 
Space Station. This allowed us to 


collaborate on a global scale with other 


ata / 


In the renee the USSR en and built a oa 
lift rocket known as Energia that was comparable ~ 
to the Space Shuttle, and even the Saturn V, in its © 
lifting capability of 100,000 kilograms (220,000 
pounds). It successfully launched de(ombbeneertenalae mmm = 
Soviet Buran shuttle, but wasretired notlongafter. = 
Since then Russia has rarely delved into the world 
_of super launchers. Its biggest rocket currently in — 
- operation is the Proton, capable oi taking 21,600 © 
_kilograms (48,000 pounds) into orbit. That's quite a 
sizeable in the realm of modern rockets, but it | 
~~ doesn't come close to” TRH eT power of the Sie Sy 
So, for the last few years the ROT space 
agency, Roscosmos, has been drawing up ideas for 
a mega rocket called the Angara 7, It’s still in the 
concept stage, but Roscosmos is very much aware i 
_aneed for a heavy-lift launcher if it is to ak evn LES 
ac goals of taking humans to the Moon. — 
The rocket would be capable i taking at least | 
35 tons into orbit, cUidatoptsdal Hs Ny this would be 
upgraded to make a lunar estore possible. Russia 
has a strong history in the launcher industry with its 
Proton, Progress and Soyuz rockets being incredibly 
- successful over the years. The Angara 7 could be 
the rocket Roscosmos needs to begin manned 
exploration beyond Earth orbit. ci] 
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international partners to learn how to 
live and operate in space for extended 
periods of time. To mount the next 
expeditions, whether it's to the Moon 
or an asteroid, and ultimately on to 
Mars, we need to learn to live and 
operate in space for extended periods 
of time and it’s a natural stepping 
stone, establishing some kind of a low 
camp if you will in LEO and building 
out from there to other destinations. 
It’s kind of required that knowhow 
that we've gained through the ISS.” 
The most exciting prospect of 


heavy-lift launch vehicles is, of course, 


manned missions to asteroids and 
to Mars. The latter is now widely 
regarded as NASA's long-term goal, 
which required the construction of 
the SLS. The Orion space capsule, 
which will be used to return 
astronauts to Earth at the conclusion 
of any such mission and possibly also 
be used as an exploratory spacecraft 
to asteroids, will fly in September 
2014 on a Delta IV rocket to test its 
capabilities. When it eventually flies 
on the SLS, in December 2017, NASA 
will be ready to outline its plans to 
reach asteroids and Mars. Missions 





to Mars will require significant 
infrastructure including landing 
vehicles and an orbiting spacecraft. 
Heavy-lift rockets are the future, and 
they are an absolutely essential means 
of travel if we are to continue manned 
exploration of the Solar System. These 
vehicles are already in development, 
and they will continue to be built and 
tested in the coming years. There is 
no turning back now; when these 
rockets are completed they will fly 
both unmanned and manned vehicles 
on missions the likes of which we have 
never seen before. @ 
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The Angara 7 will be capable 
of taking about 32,000kg 
(70,000Ib) into Earth orbit. 
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How they stack up esetuny Space 


Height: 110.6 metres Launch 
120 


3 ® BigBen @ Space Launch 
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96 metres ioht- 
® Space Shuttle Height: 98 metres 


Height: 56.1 metres Ba Angara 7 
Height: 70 
metres 
seeenahi 
® Statue of ® Falcon aaaned 
Liberty Heavy 


Height: 46 metres Height: 69 
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(Block 2) 
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Fuel 

| | The rocket's engines 

Stages | Weight would be fed by 
ee a elle ea The lift-off mass.of the Meelis yar lee 
equipped with one RD-191 Angara 7 would be about of liquid oxygen 
ah Sek ro ah es bao Bs 1 million kg (2.2 million Ib). and rocket-grade 


om UY=\oM da eBct |p Mol ated [aes kerosene fuel. 
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Why we need 
heavy-lift rockets 


® Faster trips to the Moon 
There are two main ways to get to the Moon: direct insertion 
and a trans-lunar cruise. The former was the path used by the 
Apollo missions which, launching on top of the Saturn V rocket 
with lots of fuel, were able to reach the Moon in just three days. 
Other spacecraft, however, make use of the latter method so that 
they don't need to take up so much of their weight with fuel. This 
method was used by NASA's twin GRAIL probes, which took almost 
four months to get to the Moon. Bigger rockets enable spacecraft 
to carry more fuel and get to the Moon more quickly, which is 
imperative for a manned lunar mission. 





Deep space exploration Bi 
There's no two ways about it, for a 
manned mission to Mars a heavy- 
lift rocket is imperative. Such 
a mission will require multiple 
components, including a habitat 
to house the crew on the way to 
Mars, a landing module for the 
Red Planet, and a return capsule 
to re-enter Earth's atmosphere. In 
fact, one heavy-lift rocket won't 
be enough; NASA says that it will 
probably need three SLS launches 
to get all the necessary equipment 
into space to perform mankind's 
first manned Mars landing. 








® Multiple payloads 
Heavy-lift rockets have a larger 
payload capacity than smaller rockets, 
and therefore they can take multiple 
spacecraft into orbit at once. This in 
turn can reduce the cost of going to 
space as different companies and 
agencies can put spacecraft on the 
CF Tanem ele a rea Wee or- (ea etal emo) an 
heavy-lift rockets, like the Falcon 
Heavy, will even be able to deliver 
each of their payloads into their own 
specific orbit. 
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As well as faster trips to the 
Moon, heavy-lift rockets also 
enable scientific missions 

into deep space to reach their 
destination faster. Spacecraft 
travelling to the outer planets 
can take over five years to reach 
their destination, depending on 
where they're going: With the 
bigger payload size of heavy-lift 
rockets, these spacecraft can 
take more fuel with them and 
therefore drastically reduce 

ital liam Cele eaten me 


















® Missions to asteroids 
NASA has stated that one of its goals is to 
transport astronauts to an asteroid, and possibly 
even capture an asteroid and bring it closer to 
Earth to study. The only way it can launch the 
spacecraft and equipment necessary for either 
mission is to use a heavy-lift rocket. Specifically, 
the Block 2 configuration of SLS will be able to 
launch the required infrastructure to capture 

an asteroid, while Block 1 will be sufficient for 
simple crewed missions on the Orion spacecraft. 





© NASA / MSFC/ SSC/ ATK/ Langley; Space X; 
Adrian Mann; ESA/S.Corvaja; RIA Novosti 
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_ Focus on Messier 42 





One of. the most famous nebulas in the (ods 
sky as you have never seen it pales _ 


- Also evened by its designation NGC 1976 or M42, 
‘Messier 42-is part of oa) of the most famous and * 
best-known sights in the:night sky, Orion the 
SOSA V AVG RB CALVIN AUC Ro Tee al claim mde ae 
constellation is all the more Searle 3 
. Taken by the Atacama Pathfinder Experiment. * 
(APEX) - which is based at the*Eu ean;Southern 
Observatory (ESO) site in Chile's Atacama Desert and 
a collaboration betwéen three different organisations 
including the ESO - this fantastic image shows a. : 
blazing trail leading into the bright white region 
at Orion’s sword ot ‘scabbard’ - the Orion Nebula. - 
_ However, the orange glow of this trail isn’t as 
Giecboerelu(ee-lsB la ol uelcrm lace (ECU Me) emPPlCt Irs 


eels Seat Stora inntaee wavelengths and 


PI , 
slene -on the Mile light i image re Digitized 
Sky Survey 2. 5 ; 


= The Orion Nebula i ee ESico ede MSS iaatlan ice it’ S 


PREC MNS CR NaS E ICE cB ounce Qtreccndhaniet 
home to over 700 young stars in various stages of 


' their life and 150 protoplanetary discs that are in the 


eva stages of forming new planetary systems. 

To the naked eye, the middle star of Orion's 
scabbard looks like a bright, diffuse star, but it only | 
takes a pair of binoculars or.a spotting scope to 
make out the more familiar amorphous shape of 


the nebula. Striking images of the @rion Nebula a 


easily be,taken with standard equipment - a fact, 
people have been taking photographs of it as far 


"back as the late 19th Century. @ * 
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class Master's degree 

in Astrophysics and 

Science Communication 

and specialises in the 

topic of star formation. 


Education Team 
Presenter 

» MHaving achieved 

a Master's in Physics 
and Astrophysics, Josh 
continues to pursue his 
interests in space at the 
National Space Centre. 


Science journalist 
i Gemmaholds adegree 


in Astrophysics and has 

worked as a science 

journalist for three years. [i se 7 
She was recently elected SFigs NEN Cy nyne) ers etl 
as a fellow of the Royal 7 a 


Casper 


# Astronomical Society. Pi A ee 


Jonathan O'Callaghan 

Senior Staff Writer 
Jonathan read Physics 
and Astrophysics before 
becoming a writer on 
our sister publication 
How It Works, where 
he specialised in space 
science and exploration. 


> SOLAR SYSTEM 





Alexander Banks 
he structure of the core itsell 
San interesting topec as the 
Mmiabrity of otects have 
both an imner and outer 
core. The inner core i: 
penetaliv skid. this is 
due to the immense 
pressure forcing the 
core together. The 
outer core tends 


to be molten, this 


Most bodies have both 
an inner and outer core 


, J Update your knowledge at 
! WWW.Spaceanswers.com 


molten core is what is responsible 

for an object's magnetic field. Almost 
every planet or moon in our Solar 
System is thought to have some form 
of core. However, these cores vary in 
size depending on the object. Rocky 
objects, such as the smaller planets 
and moons, tend to have cores that are 
roughly a third of their radius, while 
the gas giants have proportionally 
lower core sizes although this is 
relative. So, while Jupiter's core makes 
up only around 3 to 15 per cent of its 
mass, it is still 12 to 45 times the mass 
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How big does a planet or moon have 
to be to have a molten core? 


of the Earth. As objects get smaller 
they are less likely to be separated into 
distinct structures but it is thought 
that the large asteroid Vesta may 

have a core at its centre. Vesta is the 
second-most massive object in the 
asteroid belt (and the second-largest 
asteroid). If objects are much smaller 
than this it is thought that there is not 
an opportunity for the distinct layered 
structures of cores to form, although 
further investigation of the asteroids in 
the Asteroid Belt needs to be carried 
out to confirm this. JB 
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Stewart Wilkinson 
The next big advance in space 
propulsion looks like it could be the 
solar sail. Scientists have considered 
spacecraft being ‘blown’ on gusts of 
the solar wind now for many years, 
but only recently have experiments 
on sails in space been carried out. 
The Sun emits a wind of charged 
particles that, combined with the 
pressure of its brilliant sunlight, can 
push a thin reflective sail (light can 
push an object because photons 
have momentum that can be 
transferred to the sail). It’s only a 
tiny push, at first, but this builds 
10} oe) ((ciananeelommele) iV mcr EISEHH CS 
made from extremely thin and 
very reflective material such 
as carbon fibre or aluminium 
just millionths of a metre 
in thickness. 


| ma SPACE EXPLORATION 





In 2010, the Japanese space 
agency launched IKAROS, which 
was deployed en route to Venus 
and achieved a velocity of 360 
kilometres per hour (224 miles 
per hour) over half a year. NASA's 
NanoSail-D had a 9.3-square-metre 
(100-square-foot) sail in low Earth 
orbit and next year it plans to launch 
the Sunjammer mission, with a 
1,200-square-metre (13,000-square- 
foot) sail, in collaboration with the 
UK Space Agency. But how can a 
solar sail fly towards the Sun when 
the sunlight is pushing it away? If its 
velocity ‘vector’ is at a right angle to 
ld ntcme UNn Pa @n Ic) 0M Dee cI Ble-laneroma atom IT 
correctly you can get an extra push 
and increase or decrease the sail’s 
velocity by thrusting in the same 
direction, or against it. GL 
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Is the space between 
planetary systems 
the same as the space 
between galaxies? 


Amanda Ellis 

That depends on where it is. Contrary 
to popular belief, space is not a true 
vacuum. It's filled with gases and dust, 
elements and molecules of all kinds. 
In our Solar System the space between 
planets contains a smattering of dust 
left over from the birth of the planets. 
On rare occasions, from very dark 
sites, you can actually see this dust 

as it reflects sunlight - we call it the 
zodiacal light. 

There is more gas in the space 
between the stars. Measurements 
show that the Sun is currently passing 
through a small tuft of hydrogen gas, 
30 light years across, known as the 
Local Interstellar Cloud (LIC) - the 
Sun's magnetic field, known as the 
heliosphere, keeps most of this gas out 


of the Solar System. While it is mostly 
hydrogen there are other gases there, 
like oxygen, neon and helium, but it 
isn't very dense. Beyond the LIC is a 
sparser void called the Local Bubble. 
Larger, denser clouds of gas exist in 
the space between stars elsewhere 
in the galaxy and the densest are 
forming stars, like the Orion Nebula. 
Clouds of gas can also be found in 
the huge spaces between galaxies. 
In galaxy clusters the gas is very 
hot, reaching up to 100 million 
degrees Celsius (180 million degrees 
Fahrenheit) thanks to gravitational 
energy released as galaxies fall into 
the cluster. The ionised gas becomes 
a plasma, so it is stripped of electrons, 
emits X-rays and is made mostly from 
hydrogen and helium. GL 
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How much shielding would astronauts need _ 


for astronauts 

to fully protect themselves on a manned . 

Rig { 
mission into deep space? Sey < 
ANCES ahaa AA eV ¢ol ecm ol NCA ma ete lae elco een EIEN) meal o—— “a Lo ‘ . 
According to recent measurements shelter’ fixed to the spacecraft and surrounding - 
carried out by the Mars Science the spacecraft itself would assist in antom@Ka as . 
Laboratory on its 253-day journey stopping particles from the Sun during _ cabin, experts an “= a 
to deliver the Curiosity rover to the a low solar cycle, the penetrating believe that sp 


Red Planet, the amount of radiation 

- in the form of deadly cosmic rays 
and solar energetic particles - that 
would be accumulated by the human 
body is equivalent to getting a whole 
computerised tomography, or CT, 
scan once every five or six days. 


Make contact: @ @spaceanswers 





www.spaceanswers.com 


cosmic rays are so high energy that 
they could easily seep through a 
chunk of aluminium metal 0.3 metres 
(one foot) thick. 

While it is crucial to ensure that 
astronauts have the necessary 
shielding both from the spacecraft and 


the answer to more 
protection actually also = 
RSM IOMONMeleM ee @aneelmele La 
propulsion systems - the faster 
astronauts travel to their destination, 
the less time they'll be exposed to 
space radiation. GL 
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Why did NASA dispense with 
the Shuttle programme? 


Todd Bowen would then be retired and replaced 
The Space Shuttle programme was with a new vehicle. 

conceived as a plan to design a Despite flying 135 missions, the 
spacecraft that could work as areusable Shuttle never really fully achieved 
‘space truck’. It would be used as a its original plans, with nine flights 
workhorse to provide cheap access being the most in a single year (1985) 
to low Earth orbit for the US and compared to the planned 50 per 
associated partners. The main goal year. It also didn't make spaceflight 
of the Space Shuttle was the planned much cheaper. This, of course, was 
construction of a United States space compounded by the fact that the 
station in the early-Nineties. After US space station soon became an 
completion of this station, the Shuttle international endeavour and grew in 


complexity. In order to complete the 
International Space Station the Shuttle 
programme had to be extended 15 
years past its scheduled lifetime. 

The continuing operation of the 


developing new spacecraft. So it was 


could be discontinued, allowing NASA 
to concentrate on research for future 
deep space exploration. JB 


What effect would the 
Moon have if it was as 
big as the Earth? 


Liz Appleton 

If the Moon was as big as the Earth, then both 
worlds would have some kind of effect on each 
other. However, if the Moon just increased in 
size and didn't change in material, it would 

be lighter than Earth meaning that our planet 
would have a slightly bigger gravitational effect 
on our natural satellite. 

Other than offering an impressive view, if 

the Moon had a diameter comparable to the 
Earth’s then both worlds’ equators would 
appear to bulge. As the Moon orbits our planet, 
the tides would change dramatically compared 
to what we are used to. Low tides would be 
lower and high tides would be higher and any 
low-lying coastline would be swamped by the 
oceans. The mighty tidal bulge that would be 
created by the giant Moon, would hit the land 
causing great flooding, plunging towns and 
cities under water. However, when the Moon 
moved around the planet, the flooding would 
subside and the oceans retreat. GL 


A larger Moon a 
would dramatically ~ ; ret ra 
affect the Earth's tides — ee 
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Shuttle programme diverted funds from 


decided that with the support of private 
companies like SpaceX the programme 


Shepherd moon 
Prometheus can be 
seen here along 
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C 
Will the 
rings around. 
Saturn 
eventually 
makea 
moon? 


Nelson Joseph 

It is unlikely that Saturn’s ring 
system will ever form one large 
moon. Saturn has an extensive 
ring system, with more than ten 
different sections to it. However, 
the ring system is extremely thin, 
just ten metres (30 feet) thick on 
average, and is made up of mostly 
very small ice particles, so even if 
a moon was made from all the ring 
particles it would only be a few 
hundred kilometres across. 

There are many moonlets 
located within the ring system that 
are proposed to have formed from 
material in the rings, but these 
are usually from several hundred 
metres to a few kilometres in 
diameter, much smaller than the 
objects we usually call moons. 

Some of the rings are known 
to be actively replenished by 
mechanisms such as the moon 
Enceladus shooting ice from 
cryovolcanoes into the ring system. 
This type of process would make it 
difficult for particles in that ring to 
coalesce together to form another 
moon, or even a moonlet. 

There is evidence for other 
moons of the Solar System to have 
been formed in this way, however. 
For example, our own Moon is 
thought to have formed from the 
leftover debris after a planet-sized 
body crashed into Earth early in 
its history. MW 
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of an impact it has on space-time 
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Me men 


continuum’ exactly? 
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Peter White If you imagine space-time as a more this two-dimensional version 
The space-time continuum combines flat two-dimensional grid and then of space-time is distorted. Clearly, the 
Space and time into a single concept. imagine placing our Solar System on Sun would cause more distortion than 
When we consider the universe as a to this sheet, the gravity of the planets the Earth. 

fabric of space-time, distance takes and the Sun would bend the fabric Albert Einstein's theory of special 
three dimensions and time contributes of space-time. Of course, the greater relativity marked the beginning of the 
a fourth. the gravity of the celestial body, the concept of space-time in 1905. GL 


SPACE EXPLORATION __ Are there any caves on 
pd Lied ies “a poten to_ | Doe tat Moon and een Cal we 
; ae ee SS 


i, Ca erie 
___ Thefe is no conclusive evidence for any caves 
“ on the Moon but there are some theories. 

Photos from both the Japanese SELENE and 
American Lunar Reconnaissance Orbiter 
mission have indicated that caverns may exist 
on the Moon. It is impossible to determine 
from the photos whether these caverns 
stretch down into caves under the surface. 

If caves did exist on the Moon there is 
certainly an argument:that they could make 

a suitable location for a Moon base. The 
temperatures on the Moon vary between 
about 120 degrees Celsius (248 degrees 
Fahrenheit) in daytime sunlight down to -150 
degrees Celsius (-238 degrees Fahrenheit) 
during the Moon's night. The temperatures 
inside a cave, once you get a few metres 
under the Moon's surface, should stay roughly 
constant at about -40 to -30 degrees Celsius 
(-40 to -22 degrees Fahrenheit) - much 

easier to deal with! MW 
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Quick-fire 
questions 


@spaceanswers 


What are the odds of any 
exoplanet being habitable? 
Habitability depends on factors 
like water, warmth, an oxygen 
atmosphere and a carbon cycle. So 
far we do not know if any other 
planets have these characteristics 
but given we have already found 
some in their habitable zones, the 
odds seem reasonable. 


Why is space mostly 
dark? 
This is known as Olbers’ paradox. 
The universe should be ablaze 
with light in every direction but it 
isn't. This is because the universe 
is not infinitely old, so there hasn't 
been enough time for all that light 
to reach us yet. 


Where is the next 
nearest planetary system 
similar to ours? 

The closest exoplanet to the Solar 
System is the one found around 
the star Alpha Centauri B, 4.3 light 
years away. 


What is an arcsecond? 
An arcsecond is a unit of 
measurement for small angles in 
the sky. It is one sixtieth (1/60) 
of an arcminute - which is one 
sixtieth (1/60) of one degree. An 
arcsecond is 1/1,296,000 of a circle. 


How do sunspots affect 
the Earth? 
A growth in sunspots increases 
the outflow of charged particles 
from the Sun which interact with 
atoms in the atmosphere, wreak 
havoc with our communications 
systems and interfere with the 
operation of satellites. 


Do rockets damage the 
ozone layer? 
Very little damage to the ozone 
layer globally, or even in the 
immediate vicinity of the 
launch, is done by rockets. The 
amount of chlorine in the form 
of hydrogen chloride ejected 
into the Earth's stratosphere by a 
rocket is negligible compared to 
chlorine emissions in the form of 
chlorofluorocarbons (CFCs). 
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Quick-fire 
questions 


@spaceanswers 


How far into space 
have our furthest 
broadcasts travelled? 

In a century, broadcasts have 
travelled a distance of about 200 
light years in all directions from 
the Earth. 


What's the biggest 
planet discovered? 
Currently, the largest planet that 
has been discovered is hot Jupiter 
WASP-17b, which is twice the 
size of Jupiter with an equatorial 
radius of just over 136,000 
kilometres (84,500 miles). 


Why does the Sun 
look huge in equatorial 
countries? 
The Sun is the same size from 
anywhere on Earth. If it looks 
bigger then it is an optical illusion. 
For example, the Moon or Sun can 
appear larger when they are near 
the horizon. 


What's the Oort cloud 
made of? 
The Oort cloud is a spherical 
cloud almost a light year from the 
Sun made mostly of comet-like 
bodies comprised mainly of water, 
ammonia and methane. 


How hot is the Sun? 
That varies: the surface of the 
Sun is very hot, around 5,600 
degrees Celsius (10,000 degrees 
Fahrenheit). But its core is 
blistering, as much as 15 million 
degrees Celsius (27 million 
degrees Fahrenheit). 


What is the 
‘Goldilocks Zone’? 
This is the habitable region 
around a star within which 
planets with a certain mass and 
atmospheric pressure can hold 
liquid water at its surface - one of 
the known requirements for life to 
exist. A planet orbiting within this 
zone won't necessarily play host 
to indigenous life, but may have 
the right ingredients to do so. 


The Mars Observer 
would have followed 
this flight plan if it 
hadn't been lost a year 
after launch 


Launched §@§ 
on Titan Ill on 25 
September 1992. 


| va SPACE EXPLORATION 












Interplanetary 
cruise to Mars | 
lasts 11 months. 


)) Used the transfer 
orbit stage for 
interplanetary 
injection. 


In the future, would it be 
possible to cross a planet's orbit 
to reach it quicker? 


Richard Badger 

Planning spacecraft flight paths takes 
a lot of refinement. Due to the expense 
of spaceflight, the trick is to find the 
most efficient flight path. This reduces 
the fuel needed and therefore the cost 
to launch the mission. 

We know the shortest and quickest 
way from one point to another is a 
straight line. Sadly, this process breaks 
down in space. This is because the 
two points are often moving and the 
transfer vehicle already has a motion 
based on the orbital speed of the 
planet or object it leaves from. To 
counter this, when planning orbital 


C7. e 


manoeuvres we exploit any existing 
motion to reduce fuel needs. A key 
example of this is that spacecraft often 
take off towards the east because the 
rotation of the Earth adds up to 1,675 
kilometres per hour (1,041 miles per 
hour) in velocity. By exploiting this 
motion, a rocket leaving Earth will 
begin a looping motion away from 

the planet. This course will then be 
altered by the on-board rockets in such 
a way that the path of the spacecraft 
will join up with the orbit of its target. 
Launches are usually timed so that the 
spacecraft will arrive in the object's 
orbit, just as the object gets there. JB 


Why do stars 
cxousib lean lee ls 


Philippe Costi 


The truth is that scientists don't fully understand the exact reason why 
stars explode, but not all stars go supernova. The ones that do are generally 
triggered in one of two different ways: a degenerate star such as a white 
dwarf can accumulate material from a companion star that ignites runaway 
nuclear fusion, resulting in a supernova when it reaches critical mass. The 
other type is when a particularly massive star has used so much of its fuel 
that its core collapses, releasing energy that can create a supernova. JOC 





intermediate elliptical 


















Inserts into an §§ = 


polar orbit. 


® Observes Mars from 
the mapping orbit for 
one Martian year - 
687 Earth days. 


SOLAR SYSTEM 


Why does 
Earth have 
poles and do 
all planets 
have them? 


Tom Jacobs 

Earth has magnetic poles, related 
to the planet's magnetic field, and 
geographic poles, where the axis 
of Earth's rotation intersects with 
its surface. 

Any planet that rotates has 
geographic poles, although not 
all are located where we would 
consider north and south. For 
example, Uranus is tilted with 
its axis of rotation very close to 
horizontal, therefore Uranus's 
geographical poles are closer to our 
idea of east and west. 

Magnetic poles are only found on 
planets with magnetic fields, which 
only exist around planets with a 
molten metal core. The magnetic 
poles are where magnetic field lines 
head back in towards the Earth. 

In our Solar System, Mercury, 
Earth, Jupiter, Saturn, Uranus and 
Neptune all have magnetic poles. JB 
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twice the size of Earth 
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What's the 
weather like on 
the other planets? 


Alex Schmetkov 
Mostly very different to what it’s like on Earth! The hottest and coldest places on 
Earth are in Death Valley, California and Vostok Station, Antarctica, which have 
official records of 56.7 degrees Celsius (134 degrees Fahrenheit) and -89.2 degrees 
Celsius (-128.6 degrees Fahrenheit) respectively. But it gets way more extreme in 
other parts of the Solar System. 


Martian air is very thin, less than one hundredth of the density of Earth’s ¥ MI S SION 
atmosphere, and so it can experience wild swings in temperature during a day, 
from highs of 26 degrees Celsius (80 degrees Fahrenheit) to lows of -129 degrees i a 
Celsius (-200 degrees Fahrenheit). It’s often engulfed in huge dust storms, too. 7 
Jupiter's turbulent upper atmosphere has one distinctive weather feature: the : 
Great Red Spot. This is a hurricane the diameter of two Earths that has been 


raging for around 300 years. The winds here blow at around 400 kilometres per 


hour (250 miles per hour), while the strongest hurricane on Earth blew at 322 The m eLabelea! bey Oya to 
kilometres per hour (200 miles per hour). Saturn's even windier, blowing up to 


C 
around 1,770 kilometres per hour (1,100 miles per hour)! explore the a ovlan moons, 
One of the coldest objects in the Solar System is Neptune's moon Triton, Ganymede and C allisto 


which is littered with ice volcanoes and has a surface temperature of -235 degrees 5 
Celsius (-391 degrees Fahrenheit), while Mercury has no weather to speak of at all, 


just baking highs of 430 degrees Celsius (806 degrees Fahrenheit) and lows of . 
-183 degrees Celsius (-279.4 degrees Fahrenheit). JOC | KILLER 


How we keep track of the deadly 
| balls of ice in our Solar System 


ALL ABOUT THE 
ORION NEBULA 


The stars, systems and object that 
< make up this famous nebula 


How far into space can I see with © REVEALING 
a good commercial telescope? | 8 THE UNIVERSE 
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The furthest object you'll see with a commercial telescope is a quasar. Quasars are — The eople and science behind 
incredibly energetic nuclei at the heart of a galaxy. With a telescope of about eight a the James Webb Space Telescope 


inches you'll be able to see 3C 273 - the brightest visible quasar as seen from the 
Earth - which rests around 2 billion light years away. 

Of course, the larger your telescope, the further you will see. For instance, with 
a medium-to-large telescope, you could pick up 13.8 magnitude quasar PHL 1811 ™ 4’7 TUG AN AE 


in the constellation Capricornus which lies some 2.4 billion light years away. Even | EUROP A DRILL Ta orbit 


further out, at a magnitude of 14.9 and a distance of 4.9 billion light years away, 


ia eco mm KTS Pra M4 
THE ANTARES ROCKET 2013 
SPACE FACTORIES 


© NASA/Ball Aerospace; Hubble; ESO; 
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GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY 


93 Astronomy 


kit reviews 
This month's essential 
astronomy kit revealed 


8 Me and my 
telescope 


Our readers showcase their best 
astrophotography images 


86 Daytime 


astronomy 
The top ten sights to view 
when the Sun is out 


64 What's in 
the sky? 


The top sights to look out 
for in this month's skies 


62 Cassegrain 
telescopes 


A look at this favourite 
among astronomers 





All About... 
Cassegrain 
telescopes 


The Schmidt-Cassegrain is one of the 
most popular telescopes for the more 
serious amateur astronomer 


The Schmidt-Cassegrain telescope, as 
the name suggests, is a hybrid. It is the 
merging of two designs of telescope 
by a German optician (Schmidt) and 

a French optician (Cassegrain). To 

get a proper understanding of how 

the telescope works, it is best to have 
a look at the original designs from 
which it grew. 

The Schmidt telescope, sometimes 
called the Schmidt camera, was 
designed in 1930 by Bernhard Schmidt 
to produce a wide, flat field of view. A 











photographic film was placed at the 
focal plane of a spherical mirror as this 
design of telescope was never meant 
for visual use. Because the mirror is 
spherical, it distorts the image and 
so the light entering the telescope 
has to be altered in such a way as to 
counteract this distortion introduced 
by the spherical mirror. This is done 
by something known as a ‘corrector 
plate’, a specially shaped window of 
glass that fits in the front aperture of 
the telescope. 

The Cassegrain telescope, unlike the 
Newtonian, doesn't reflect the image 
to a focal point through the side of the 
tube, instead it reflects it back down 
towards the main or primary mirror 
and on through a small hole cut 
in the centre of this 


mirror to come to a focus behind the 
telescope tube. 

The hybridised Schmidt-Cassegrain 
telescope was invented in 1940 by 
James Gilbert Baker and combines 
the spherical optics and corrector 
plate of the Schmidt camera with 
the Cassegrain's central hole in the 
primary mirror and the field-flattening 
effects of the secondary mirror to 
produce a visual and photographic- 
capable system that is compact and 
relatively inexpensive to produce. This 
has proved popular with amateur 
astronomers as it offers a telescope 
with a moderately long focal length 
which is good for lunar, planetary and 
much deep-sky viewing and imaging, 
all in a compact ‘package’. 

It was the commercial telescope 
manufacturer Celestron who helped 
to promote its popularity in the 
Sixties and Seventies by placing it 
on an easy-to-use fork mount. The 
American optical company Meade 
also quickly realised this telescope 
design's potential and so it set up 
the manufacture of a rival scope to 
Celestron, but with similar features. 
This proved beneficial for the would- 
be purchaser as the competition kept 
prices very keen and also prompted 
both companies to innovate ideas to 
enhance the user experience with 
their respective telescope offerings. 
This included computerised ‘GoTo’ 
systems and various optical and 
mechanical additions to both the 
telescope and the mount. Various- 
sized apertures were produced by both 
companies with a very popular eight- 
inch as the starting point, going up to 
a very substantial 16-inch aperture for 
the Meade products. 

Because of the various aperture 
sizes, the good quality optics and 
the plethora of accessories for 
these telescopes as well as the easy 
adaptability of the scopes for both 
visual and imaging use, the Schmidt- 
Cassegrain has become a byword 
in amateur astronomical circles for 
versatility and affordability. Some 
of the best amateur astronomical 
photographs and images have been 
produced using these incredibly 
popular instruments. @ 
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Corrector 
plate 


The corrector plate shapes the 
light passing through it to offset 
the distortion created by the 
spherical primary mirror. This 
distortion is known as ‘spherical 
aberration’ and would render 
the images useless without 

the correcting effects of this 
specially shaped window. 


Spherical 
p! 
Caras 
The primary spherical mirror 
has a central hole cut into it to 
allow the light reflected from the 


secondary mirror to be brought 
to a focus behind the telescope. 


Visual back 
This is the hole at the rear of 
the telescope through which 
the light is brought to a focus. 
It consists of a threaded ring 
which can accept all manner of 
accessories including diagonal 
prisms to enable comfortable 
viewing through an eyepiece 
and also cameras. 


Secondary 
mirror 


The secondary mirror in a 
Schmidt-Cassegrain telescope 

is suspended in a ‘cell’ held in 
place by the corrector plate. This 
mirror, apart from reflecting the 
light back through the hole in 
the primary mirror and through 
to the focuser, also helps to 
flatten the field of view of the 
image which would otherwise 
be curved. The secondary mirror 
can also be ‘collimated’. This 
means that it can be lined up 
correctly with the optical axis. 


Corrector plate @ 

This is the ‘window’ of glass at the front 
of the telescope which alters the light 
path to counteract the blurring effect of 
the spherical primary mirror. 


Secondary mirror @ 
This mirror reflects the light from 
the primary mirror back down the 
tube to the focuser. Because of 
this the telescope is effectively 
‘concertinaed’ up, producing a 
relatively short, compact tube. 


“The Schmidt- 
Cassegrain 
has become 
a byword for 
erent and , 





Schmidt-Cassegrain telescopes often come 
with built-in computerised ‘GoTo’ systems 
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Anatomy of a Schmidt- 
Cassegrain telescope 








® Visual back 
The hole at the back of the 
telescope is threaded to accept 
a variety of accessories including 
the eyepiece. Cameras can also 
be added using adaptors made 
for the purpose. 





® Spherical primary mirror 
Unlike a Newtonian telescope, 
the Schmidt-Cassegrain primary 
mirror is made to a spherical 
curve. The aberration this 
produces can be easily corrected 
to give a good image. 


® Focus knob 
In most commercially 
made Schmidt-Cassegrain 
telescopes the focuser knob 
turns a screw which moves 
the primary mirror up and 
down the tube to obtain 
good focus. 


Pros 
and Cons 


Schmidt-Cassegrain telescopes 
have, for a long time, been the 
choice of both the serious beginner 
and the more advanced amateur 
astronomer. This is primarily 
because they have tended to be 
made in larger apertures and 
usually come with sophisticated 
computerised ‘GoTo’ systems 
allowing the telescope and 
therefore the observer to find and 
easily track thousands of different 
objects in the night sky. They are 
also very versatile and can be used 
both visually and with cameras 
very effectively. They also provide 
a moderately long focal length 
telescope in a compact tube. 

They do have fairly large 
secondary mirrors though, which 
increases the obstruction for 
the light in the aperture of the 
telescope. This can reduce contrast 
in the final image a little although 
it is often considered negligible 
compared to the advantages of the 
design. All in all, they make a good 
all-round telescope for the amateur 
astronomer at any level. 
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The s 
there's more time to enjoy the night sly... 





NGC 7000 The North Collinder 399 The 
America Nebula Coathanger Cluster 


Viewable time: All through the hours of darkness Viewable time: All through the hours of darkness 
Located very near the star Deneb in the The Coathanger is one of the most amusing 
constellation of Cygnus, the North America = = sights in the night sky. Sitting just inside the 
Nebula can be quite tricky to see. It is shaped constellation of Vulpecula the Fox, this line 
very much like the continent it is named after of stars with a central ‘hook’, really does look 
including even the ‘Gulf of Mexico’. It is just like a coathanger. It shows up best in 
an emission nebula covering an area binoculars, so if you feel you need a 
of around two degrees, four times smile take a look at this delightful 
larger than the full Moon. You'll cluster of stars. In fact, it isn’t a 
need a clear Moonless night re esicoem pluie W ieelmovmcstesal 
PING Re Mera Q aI COn eae effect which gives it this 
well. Binoculars will help se DOODO NED ama rel Blom 
show it up, too. 























M27 The 
ttrilejorey tl 
Nebula 


Viewable time: Best seen an hour 

or two either side of midnight 
The Dumbbell Nebula is a fine example of 
a ‘planetary nebula’. These have nothing to do 
words what is left of a star which exploded 5,000 with planets but are caused by stars similar in size 
or more years ago. Specialist filters and a dark sky a = i to our Sun coming to the end of their lives and 
will show it up and photography will give a good Northern collapsing into a ‘white dwarf’ state while puffing 


The Veil 
Cte) 


Viewable time: Best seen 
an hour or two either side of 
nanCennvrcdate 

Another notoriously hard-to-see nebula, 
the Veil is a supernova remnant, in other 


idea of its structure. It is divided into eastern and hemisphere off their outer shells of gas. An OIII filter will help 
western halves; the western half being better 4 to show up this nebula well, but even without, you 
known as the ‘Witch’s Broom’ or ‘Finger of God’. should still detect its dumbbell-like shape, using a 
It's well worth trying to spot it. moderate magnification on a small telescope. 
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Safety first 


Warning! If you are attempting to 
view any of the objects mentioned 
here, you need to be very careful 
especially if using a telescope 

or other optical aid, as even a 
glimpse of the Sun through any 
optics, unless properly filtered, 
including a camera lens, can 
severely damage your eyesight! 


The Moon 


Yes, you can see the Moon 

in the daytime! In fact, you've 
probably noticed it and wondered 
why you can. Because the Moon is 
quite reflective it is bright enough 
to be seen during daylight hours, 
when the Sun is low in the sky. Turn 
binoculars or a telescope on to it and 
see it in all its glory. It will give you 
the opportunity to see phases that 
perhaps you wouldn't normally get a 
chance to view otherwise. 


Venus 


The planet Venus is often 

oreys Om AWA 1 Ufed pm ciia nto msele)e | 
after sunset or shortly before dawn. 
Depending on where it is in its 
orbit it will either appear as a partly 
illuminated globe or a crescent. It's 
very bright, so bright in fact that it is 
even possible to see it in full daylight 
if you know where to look, but be 
careful here, it can often be quite 
close to the Sun so check its position 
carefully before you attempt this. 
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The Sun 


Only ever look at the Sun 

if you have proper filters for 
your telescope. Look for sunspots and 
‘granulation’ if you have a white light 
filter. If you don't have a filter you can 
project the Sun on to a piece of card 
using a small refractor telescope, but 
be careful here, too. Make sure the 
finder scope is capped off and use a 
piece of card around the tube to cast a 
shadow; otherwise you won't see the 
Sun's image. 


\WelE 


Mars is much harder to 

see than Venus as it is much 
fainter, but it is possible to see it in 
twilight soon after sunset or shortly 
before dawn. It is possible to pick it 
up in a telescope in daylight but in 
order to do this you'll either need a 
‘GoTo’ computerised telescope or an 
equatorially mounted telescope with 
good setting circles and an ephemeris 
or chart showing you the position of 
Mars on the day you are looking. 





Jupiter 

I easily bright enough 
to be seen in quite bright 

twilight so no need to wait until after 

dark to go hunting for this wonder 

of the Solar System. It is often one 

of the first ‘stars’ to come out in the 

twilight and you will notice that it has 

a slightly yellowish tinge. Again, with 

a ‘GoTo’ telescope it is possible to see 

Jupiter in broad daylight. 


sight 
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Stars 


There are several stars 

which can be seen in fairly 
bright twilight, but it is possible to see 
one or two of the very brightest stars 
during the day when the Sun is still 
low in the sky. You'll need a telescope 
to spot them, but one to look out for is 
Ua CcMclec Imes EGLO IIA ON (el BG bem Dim ce)bnNTCm DD] 
the summer in the late afternoon low 
down in the south. 
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Comets 


Most comets which grace our skies are quite faint, requiring a telescope 

to be seen at all. However, there are occasionally comets which are very 
bright and can be seen with the naked eye or binoculars at least in the twilight. 
We may have one such comet to view later this year. Comet ISON is due to pass 
by the Sun in November and if it survives the gravitational tug of our star, it 
could put on quite a show. 





Iridium flares 


The Iridium satellite constellation consists of a network of 

telecommunications satellites that orbit the Earth and because of the 
unique shape of their reflective antennae they frequently catch the sunlight and 
focus it on a small area of the Earth for a few minutes. Because of this effect they 
can become one of the brightest objects in the sky for those few moments, an 
effect known as an Iridium flare. They are predictable and www.heavens-above. 
com will let you know when you might see one. 


www.spaceanswers.com 
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The International Space Station orbits the Earth several times a day and 

depending on where it is in its orbit it can be possible to see it from your 
location. Its solar power panels are highly reflective and catch the sunlight, bright 
enough to be seen in twilight. If you would like to know when it might be visible 
for you, visit the website www.heavens-above.com. It looks like a steadily moving 
‘star’ travelling west to east. 








Atmospheric phenomena 


The Sun and Moon, in conjunction with our atmosphere, can produce 

fascinating lighting effects. Sundogs are one such effect. These can 
be seen as a small arc of a rainbow either side of the Sun in a hazy or lightly 
clouded sky. They are caused by ice crystals high up in our atmosphere refracting 
the sunlight. Crepuscular rays are shafts of sunlight penetrating through the 
clouds in a very dramatic way. They are parallel rays of light emerging from the 
Sun, which is hidden by clouds. 
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Send your astronomy photos and 

pictures of you with your telescope 

to photos@spaceanswers.com and 
well showease them every issue 





Randy Shivak 
ee ;> Arizona, USA 
} Pe Telescope: Various solar telescopes 
- ‘a ea i 


[= “I use two different solar telescopes. My Lunt 152mm F6 
is a dedicated H-alpha solar telescope. I use it to image 
mainly solar prominences. I also use an Astro-Physics 

152mm F8 telescope fitted with a Daystar Quantum PE 0.5 Angstrom H-alpha 
solar filter to capture high-resolution images of the solar disc. Image capture is 
done using the Flea2 video CCD camera made by Point Grey Research. I record 
several thousand video images then stack them in AutoStakkert!2 and further 
process them in Photoshop, sharpening and adding colour since all images 

are captured in black and white. I recently moved to Arizona from Ohio 
specifically to do my solar imaging. Astronomy in Ohio was difficult ' 
because of the terrible weather conditions. Being interested | 
in solar astronomy since the late Sixties I built a large ’ 
spectrohelioscope in 1980 to view the sun in H-alpha 

light. Today I use narrowband filters which | 

provide excellent views of the Sun and Pd 


7 - 


- 


are much more portable than the 
large spectrohelioscope.” 
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Me & My Telescope, 





Jan Barstow 


Burton-on-Trent, UK 
) “eg ge ©Telescope: Sky-Watcher 130M 
/ “Each photo was taken using my 


Mark Taylor 
Hertfordshire, UK 

Telescope: n/a 
“I'm quite new 





Sky-Watcher 130M. I take images to photography 
using my iPhone attached to the so I was a bit 
telescope eyepiece and I was apprehensive 
amazed at some of the results. about sending 
The image of Saturn was actually in my first 


‘stacked’ from a video shot from my iPhone. While 
the quality is not fantastic I was stunned I managed 
to get this using a phone.” 


attempt at capturing the Moon. 
This picture was taken using a 
Panasonic Lumix DMC-LZ20." 


Stuart Gotsall 
South Staffordshire, UK 

» Telescope: n/a 
UCM lm aah manele 
attempt at taking 
a shot of the ISS 
over the UK. I used 
a Canon 5D MkII 
with a 17-4Omm lens 
©, at 17mm ISO 400, 
with a 30-second exposure all on a 
tripod. I also took a shot before the 
JES Meovae- Vere Cellbbee MAC HCoMOLIIntcm Oates Deals 
settings as above. I set the focus on 
the Moon in auto and then switched 
back to manual focus to keep it there 
throughout all the shots. This shot 
with the houses in the foreground 
is the ISS just before it went into the 
Earth’s shadow. My next plan is to 
attach the camera to my Meade 8” 
LX90 for Jupiter and Saturn, once I've 
got my head around BackyardEOS 
and Registax.” 





Contact us at... “) @spaceanswers @ /AllAboutSpaceMagazine © questions@spaceanswers.com 
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Firsttime 
astronomers 


Two novice stargazers tell us 
how they got on with their 
first attempt at astronomy 





Tested by: Robert 
Jones 
Cost: £430 ($640) 
From: www. 
opticalhardware. 
co.uk 
! “Having dabbled 
\ in astronomy 
er before, I 
decided it was time to see how 
I would fare when let loose on a 
telescope. I took up the challenge 
of an equatorial mount rather than 
an easier computerised telescope as, 
well, I guess I thought I could handle 
it. Turns out it was a little bit more 
difficult than I'd bargained for. 
“Setting up the telescope itself 
was a little bit tricky. Following the 
instructions I probably had the whole 
thing set up in about 15 minutes. 
There are quite a lot of bits and pieces 
on a telescope like this, but I managed 
to get there eventually. 
“The next step, though, was where 
things got difficult. Using a star chart 
and the telescope I attempted to move 





(0) eTeep al ledslw cole 
Rob was able 

to get some 
fantastic views of 
Wa Cop ov red elms) gts 
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to certain objects in the sky. Viewing 
the Moon was fine, and I must say 
the quality of image through this 
telescope is fantastic. I could easily 
make out crisp definitions on the 
surface of the Moon. 

“Trying to find other objects in the 
night sky proved a bit more difficult, 
though. However, as Saturn was in the 
sky at the time and I had my heart set 
on seeing the ringed planet, I decided 
to try to track it down. Lo and behold, 
after many failed attempts at finding it, 
I eventually came across it, and what 
a sight it was! I could clearly see the 
rings and even the gap between the 
rings and the planet. 

“After spending another hour or 
so browsing the night sky I decided 
to call it a day, but I was suitably 
impressed and encouraged by my 
first night out doing some proper 
astronomy. I'm looking forward 
to getting to grips with equatorial 
mounts like this in future so that I can 
easily traverse the night sky without 
computerised functionality.” @ 
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Altair Astro 


Tested by: Ben Stanley 
Cost: £549 ($820) 
From: www.altairastro. 
com 

_ “I was reliably informed 
fee that this telescope 

+ ‘~~ * was a pretty stunning 
piece of kit, and I have to say I wasn't 
disappointed. From my first glances 
to some actual astronomy, this thing 
doesn't just look the part but it plays 
the part, too. 

“Setting up the telescope and the 
mount was relatively easy. While the 
telescope was light, though, the mount 
was quite heavy and cumbersome to 
move. To attach the telescope to the 
mount I had to use some tube rings 
that were pretty simple to understand, 
and once the whole thing was set up it 
certainly looked impressive. From then 
on in, performing observations was 
remarkably easy. 

“L used an iOptron Minitower 
V2.0 to mount the telescope on, 
which is a computerised mount that 
allowed me to automatically move 
the telescope to objects in the night 





The optics of the Lightwave 
80ED are almost unrivalled 
in its price range 
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sky. The mount uses a GPS sensor 

to find your location, and from there 
you then have to do a one, two or 
three-star alignment process so that 
the telescope knows what's in the sky. 
Again, this wasn't an issue, and once 
that had been completed I was able to 
browse the night sky with ease using 
the controller. 

“The Altair Lightwave 80 ED 
refractor telescope has an 80mm 
aperture and has some simply 
awesome optics inside. My first target, 
the Moon, was crisp and clear through 
the eyepiece. Saturn was also in the 
sky at the time I used the telescope, 
and it was great to see the gas giant 
and its moons, something I had never 
viewed before. 

"For astronomers with a decent 
budget I would strongly recommend 
this telescope. Based on my brief 
foray with other telescopes, not much 
seems to compare to the quality of 
this one. Of course, you've also got to 
buy a mount separately, which can be 
expensive, but if you've got the money 
then it's definitely worth it.” @ 


“The Altair Lightwave 80 has 
an 80mm aperture and has 
some awesome optics inside’ 
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Vixt 
ixen 
BTSiS-A 
Cost: FoGo/S1,109 
From: vixenoptics.co.uk 
Type: Binocular telescope 
Aperture: Slim 
Focal Length: 460mm 
Magnification: |34x 
As a mant pair of binoculars on a 
mount Vixens ETSlS-A binocular 
telescope 15 certainly eye-catching 
althouen tts usehulness to the amateur 
asitomamer goes far beyond novelty 
Binocular astronomy tends to be 
2 200 Waly to pet into the hobby 
becase their wide held of view makes 
it much easier for beginners to locate 
objects in the sky - especially as this 
particular binocular scope has mo 
computer to do the legwork for you 
The Vixen BTSlS(s 8imm aperture 
lenses are antiteflective-coaled with 
Thagnesium [uoride and it has a focal 
leneth of 460mm for a wider hetd 
of view. This makes this binocular 
telescope particularly effective when 
it comes to spotting nebulous celestial 
onjects such as star clusters, comets 
ard constellatians 
Setting up is easier Uhan most 
telescopes; the BTSIS<A can clamp toa 
Stanklard tipcxl (such as the Celestron 
AstroMaster inour kit section on 
pare 95) but is best accompanied by 
the fork tnount it's desjened for, After 
inserting the supplied twin.2Smi©n 
yepieces, a litth adjusting and were 
away. Finding our way around the 
sky takes some petting used to tart 
(raining iton a few objects were more 


comfortable with Hike Messer 45 


cettainiy put us on the right track 


a : L 1 aly gs, " 
Phe price cetiainiy puts the FLATS A 


beyond the reach of the average 
Deminner and youll need to buy bw 
evyepieces if you want to chanee the 
maenification, but it's a pood option 
for a serious astronomer, @ 
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= eas WW acy Journey To 


e Moon, 19 
Cost: £27.50/$40.00 
From: www.qbookshopuk.co.uk 
It’s the 50th anniversary of the launch of the Apollo 
o)xo}4 rs Nenb eel omaeNISM Ya ler- HALO Mn BNI om eatcci(6 (eles Covenalcrehys 
never got to see his vision of the Moon landings 
realised, his plan to put the US at the front line of 
the space race was seen through to fruition with 
the Apollo 11 Moon landing. This hardback tome is 
a celebration of everything that the Apollo missions 
were, that no space agency, including NASA, has 
come close to emulating since. This tour through 
the nine-year programme details the highs and lows 
of Apollo. Yet it’s not the writing that makes this so 
powerful, it’s the photos and illustrations that detail 
a post-vintage era of endeavours that we'll never see 
elec OMB SINLUNNSLCINABELOWSE-NICA(GM 
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Endless Space: Disharmony 
Cost: £7.99/$9.99 
From: www.iceberg-games.com 
The detailed nature of 4X strategy games requires 
an investment in time to learn how to play before 
you can go it alone. That's one of Disharmony’s few 
failings: in a generation of gaming where tutorials 
tractor-beam you through an asteroid belt of a 
learning curve, this one throws you the manual and 
tells you to teach yourself. It's worth it though. 

Disharmony is reminiscent of the best space 
strategy games of yesteryear. You're developing new 
technologies, terraforming worlds, mining asteroids, 
making first contact and waging war. It's brought 
together in a, mostly well-balanced and pretty 
package that strategy fans will love. Disharmony 
itself is an expansion pack, so you'll need to buy the 
original Endless Space game to play it. @ 
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Cost: £100/$105.95 

From: uk.hama.com 

Good astronomy starts with good 
foundations and you could do a hell of 
a lot worse than the solid base that is 
the AstroMaster tripod from Celestron. 
Satisfyingly weighty, its steel legs have 
a single extendable segment that gives 
this tripod a maximum height of 104.1 
centimetres (41 inches), admittedly a 
little on the short side for comfortable 
observing by taller adults. However, 

it is a great all-round base for a range 
of small to medium instruments, 
cameras and binoculars and not 

just telescopes. It's also very simple 

to set up with extremely smooth 
movements and well-machined locks. 
Perfect, we think, for young or shorter 
astronomers looking for a quality 
multi-purpose tripod. @ 


Space Shuttle Interactive 
Cost: £6.70/$9.99 
From: itunes.apple.com 
Another celebration of a bygone era, but a more 
recent one this time: Daniel Pilson’'s digital book 
dips into the era of the Space Shuttle, taking the 
reader across 30 years of the historic craft that 
played the role of rocket, orbiter and reusable 
landing vehicle. Space Shuttle Interactive packs 
its 121 pages with some of the stunning shots that 
have been taken outside the International Space 
Station that the Shuttle played such a major role in 
constructing. It also allows the reader to interact 
with illustrations and diagrams, albeit mostly at a 
basic, swipe-to-reveal level. 

Unfortunately, it’s an iPad exclusive and can't be 
purchased for Android devices nor for any Apple 
devices other than the iPad, which is a shame. @ 
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kandly supplied by our friends over at 
Hama (www.hama.co.uk) 


The Celestron SkyProdigy 90 Maksutov-Cassegrain Telescope is one of the smartest 
fee i eR A A PERLE Re Te eRe TE ce lca ce 
be touring the night sky with ease with this telescope, and you'll be afforded some 
fantastic views of the planets, stars and more to boot. 


To enter, all you have to do is answer this question: 


A. Space plane B. Rocket C. Probe 


One of the UK’s most popular 

and longest standing providers 

of astronomy distance learning 

courses. Choose from five 

separate astronomy courses, 

suitable for complete beginner 

right through to first-year 

university standard, including 

GCSE Astronomy. A certificate is 

issued for each completed course. eae 
You will find a complete syllabus Best-selling telescopes, k 


for each of the courses available, always in stock 
along with other details about The widest range of visual & astror 


Great gift ideas: astronomical globes, m 
each course, and the necessary 
and floorstanding globes, astronomical m 
enrolment information on our 


Astrolabe watches and more 
website. There is a ‘Student 


Feedback’ link where you can 
view some of the unsolicited Astronomik Aenenenem 
comments we have received from Baader, Barr & Stroud, 
past students. We pride ourselves on being accessible and flexible and Celestron, Farpoint, Minox, 
offer very attractively priced services, of the highest standards, and we Lacerta, Sky-Watcher, 
work hard to provide you with what you want. Of paramount importance 
to us is the one-to-one contact students have with their tutor, who is easily 
accessible even outside of office hours. Planet Earth Education’s popularity 
has been growing over many years with various home educators who have 
used our courses in the education of their own children, many obtaining 
the GCSE Astronomy qualification, a recognised science qualification. 


TZ 0161 653 9092 Coll 020 33 B45 | 87 between 9am -8om 7 doys o week. 
www.planeteartheducation.co.uk WWW. 3 6 5 astronomy.com 
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57 Catherine Street 
Frome BA11 1DA 
01373 474763 


Telescopes, Binoculars, Accessories 


www.telescopeshop.co.uk 
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DIGITAL PLANETARIUM 
AND IMMERSIVE CINEMA. 
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TEL. 0845 833 0838 
contact@fulldomereality.com 
www.tulldomereality.com 


Harrison TELESCOPES Ltd « & 


www .harrisontelescopes.co.uk 
Call 01932 703605 six days 
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Supplying all your rocket needs for 12 years 


& counting. From model rockets to providing 
everything you could need to fly rockets. 
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Michael Collins 


How this often-forgotten hero of 
Apollo 11 earned his place in history 


Michael Collins was born in Rome, 
Italy, on 30 October 1930. His father 
was a US Army Major General, and 
therefore Collins lived in a variety of 
places. However, he spent most of his 
early life in the USA, before settling in 
Washington DC after the US entered 
World War II. 

When Collins graduated from St 
Albans School he followed his father’s 
footsteps and joined the US Military 
Academy at West Point, New York, 
receiving a bachelor of science degree 
in 1952. Like many of his fellow 
astronauts Collins then served as both 
a fighter pilot and experimental test 
pilot for the US Air Force, logging over 
4,200 hours of flying time. 

In October 1963, he was selected 
among the third group of astronauts 
by NASA along with Neil Armstrong 
and Buzz Aldrin. His first mission into 
Space was as the pilot on the three-day 
Gemini 10 mission with John Young, 
launched on 18 July 1966, during 
which he set a world altitude record 
at the time and became the United 
States’ third spacewalker. 
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Following this mission Collins was 
selected as the Command Module 
pilot for Apollo 11. NASA wanted an 
experienced pilot left on board the 
Command Module during the mission, 
so with a flight already under his belt 
it was Collins who was ‘promoted’ to 
be the lone human that would orbit 
around the Moon while the other two 
walked on the surface, a situation he 
had mixed feelings about. “Since [other 
astronauts] had not flown [a spacecraft 
before], I was it. Slowly it sunk in. No 
Lunar Module for me, no EVA, no 
fancy flying, no need to practise in 
helicopters any more,” said Collins 
in a series of questions and answers 
prepared for the 40th anniversary of 
Apollo 11's mission in 2009. 

And so, when the time came on 20 
July 1969, Collins remained in orbit 
around the Moon while Armstrong 
and Aldrin landed on the surface, 
providing them with their ride both to 
and from the lunar surface. However, 
Collins alluded more to a feeling of 
worry for his crewmates rather than 
loneliness as he became the first 





human to orbit the Moon alone. “Far 
from feeling lonely or abandoned, I 
feel very much a part of what is taking 
place on the lunar surface,” Collins 
wrote while on board Apollo 11's 
Command Module. 

He has often been quick to distance 
himself from praise for his role in 
the mission. “We survived hazardous 
careers and we were successful in 
them. But in my own case at least, it 
was ten per cent shrewd planning and 
90 per cent blind luck,” he said. “Put 
‘lucky’ on my tombstone.” 

In late 1969 he left NASA and 
became the assistant secretary of 
state for public affairs for the US 
Government before becoming director 
of the National Air and Space Museum 
a year later. He left in 1978 and after 
serving a short stint of two years as 
under secretary at the Smithsonian 
Institution he started his own 
company and wrote several books, 
becoming an aerospace consultant and 
writer to the present day. 

The bittersweet story of Michael 
Collins is one of the most notable of 
the Apollo era, but he remains one 
of the key figures in the age when 
mankind set foot on the Moon for the 
first time. @ 
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Could String Theory Be the 
“Theory of Everything”? 


One of the most exciting scientific adventures of all time is 

the search for the ultimate nature of physical reality. The latest 
advance in this epic quest is string theory—known as superstring 
or M-theory in its most recent versions. Based on the concept 
that all matter is composed of inconceivably tiny filaments of 
vibrating energy, superstring theory has potentially staggering 
implications for our understanding of the universe. 


In Superstring Theory: The DNA of Reality, you explore this 
intriguing idea at a level deeper than that available in popular 
articles. Your guide is Dr. S. James Gates Jr., the John S. Toll 
Professor of Physics and Director of the Center for String 

and Particle Theory at the University of Maryland at College 
Park. Throughout these 24 lectures, he explains the concepts 

of superstring theory and mathematical ideas like hidden 
dimensions, dark matter, and black holes—all at the level of the 
nonscientist. He also draws on the illustrative power of graphics 
and animations to enhance your understanding and take you to 
the heart of these cutting-edge ideas. 
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0800 298 9796 
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10. Tying Up the Tachyon Monster 
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13. Gauge Theory—A Brief Return 
to the Real World 
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20.A Superpartner for Dr. Einstein’s Graviton 
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Superstring Theory: The DNA of Reality 
Course no. 1284 | 24 lectures (30 minutes/lecture) 


SAVE £30 


DVD £54.99 


+£2.99 Postage and Packing 
Priority Code: 84497 


Designed to meet the demand for lifelong 
learning, The Great Courses is a highly 
popular series of audio and video lectures led 
by top professors and experts. Each of our 
more than 400 courses is an intellectually 
engaging experience that will change how 
you think about the world. Since 1990, 

over 10 million courses have been sold. 


The Great Courses®, Unit A, Sovereign Business Park, 
Brenda Road, Hartlepool, TS25 1NN. Terms and conditions 
apply. See www.thegreatcourses.co.uk for details. 
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fYOUre looking Tor a dual-purpose teescope appropriate for 

both terrestrial and celestial viewing, then the AstroMaster Senes is for you 
Each AstroMaster model is capable of giving correct views of land and sky. 
The AstroMaster = 

Even the moons of hapten an d th 1a fangs of Se Saturn can ir eas i's seen Wi ith 
avery one of these fine instruments. For views of the brighter deep space 
objects like galaxies and nebulae, we recommend the larger aperture and light 


gathering ability of the Newtonian reflectors. 


% For details of your nearest stockist please call Hama (UK) Ltd on 0845 230 4262 
View the full range at www.hama.co.uk/products/celestron 





